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Problems and Organization Needs of the 
Engineering College Research 


Association 


By W. R. WOOLRICH 


President of the Engineering College Research Association, and Dean of the 
College of Engineering of The University of Texas 


EDITOR’S NOTE—This article 
by Dean Woolrich is one of the 
series describing the responsibilities, 
objectives and needs of the ECRA 
and the Administrative Division of 
§.P.E.E. which led to the appoint- 
ment of the Committee on Revision 
of the Constitution and. By-Laws. 
The series of articles will serve as 
a background for the recommenda- 
tions on revision which will be 
placed before the Society under the 
directive of the Council. 

The Engineering College Research 
Association was organized in 1942 with 
four explicit objectives. First, it was 
to be an agency to assist in organizing 
the research facilities of engineering 
colleges in the prosecution and promo- 
tion of engineering research. Second, 
it was to assist in organizing these re- 
search facilities to improve processes 
affecting industry, public works, pub- 
lic health, and future conservation and 
development of natural resources. 
Third, it was organized to serve as a 
developing and coordinating industrial 
and scientific agency for furthering ad- 
vanced study in the colleges of engi- 
mering of the United States. And 
fourth, it was organized to collaborate 
With other associations and with the 
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Federal Government in the interest of 
maximum utilization and development 
of the engineering and scientific facili- 
ties of the nation, thus to achieve a 
maximum of coordination with a mini- 
mum of duplication of effort. 

For many years the Committee on 
Engineering Research of the Society 
for the Promotion of Engineering Edu- 
cation had successfully carried on an- 
nual sessions on engineering research 
and had held several forums and sym- 
posiums on engineering research. Par- 
alleling this activity, the Land-Grant 
College Association had carried on 
effectively an organization within its 
own group to coordinate and encourage 
engineering college research. A simi- 
lar group representing the engineering 
colleges of the separated state universi- 
ties had maintained a loosely organized 
but well coordinated interchange of 
information on engineering research. 
Again, there were a considerable num- 
ber of the engineering colleges of the 
metropolitan districts that had main- 
tained some interchange of information 
and coordination as between their own 
members in effecting the research of 
their respective institutions. 

A joint committee of representatives 
of the land-grant colleges, the state uni- 
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versities, and the endowed colleges and 
universities had discussed at length 
with the Council of the Society for the 
Promotion of Engineering Education 
the possibility of setting up a more ac- 
tive research body under the constitu- 
tion of the Society for the Promotion 
of Engineering Education. After much 
consideration, the Council of the So- 
ciety indicated that it did not believe 
the objectives in which the research 
groups were vitally interested could 
legally be carried on under the Society 
for the Promotion of Engineering Edu- 
cation, and it was suggested that a 
separate organization be set up to carry 
on the research activities, this new or- 
ganization to be parallel and coordi- 
nate with the Society for the Promo- 
tion of Engineering Education. Thus, 
during a meeting of the Society for 
the Promotion of Engineering Educa- 
tion in Chicago in October, 1942, a 
separate place was made on the agenda 
in cooperation with the S.P.E.E. for 
an organization meeting to set up the 
new college research association. On 
October 26, 1942, this meeting was 
called in Thorne Hall of Northwestern 
University, its name adopted as the 
Engineering College Research Associa- 
tion, and its constitution proposed and 
accepted. 

The admission requirements for the 
Engineering College Research Associa- 
tion were made somewhat selective, 
since it was believed that the members 
should represent only those engineer- 
ing college research organizations that 
were real going concerns in research. 
The membership was therefore limited 
to those institutions which had one or 
more curricula accredited by the Engi- 
neers’ Council for Professional De- 
velopment and which could show that 
research activity had existed in their 
respective institutions for at least three 
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years and that at least $10,000 had been 
expended on active research within the 
three-year period prior to admission. 
It was further agreed that a member 
institution must maintain a high record 
of performance in engineering research 
to remain in good standing as an active 
member. 

Probably the greatest need that was 
filled by separate organization of the 
Engineering College Research Associa- 
tion was the autonomy thereby seceived 
in proceeding to press matters of great 
importance before legislative and other 
federal groups. It was this right to 
appear before Congressional commit- 
tees and legislative groups that had not 
been permissible under the Society for 
the Promotion of Engineering Educa- 
tion and that under the new organiza- 
tion gave it a most active field of 
endeavor. 

The extensive and most productive 
activities of the three major committees 
of the Engineering College Research 
Association, namely, the Committee on 
Federal Legislation, the Committee on 
Relations with Federal Research Agen- 
cies, and the Editorial Board, need a 
high degree of autonomy to work suc 
cessfully in their respective fields. 

The question is sometimes posed, 
“Why does the engineering college re- 
search group need this freedom of ac 
tion as at present provided in its con 
stitution?” The realistic answer lies 
in the excellent and effective work per- 
formed by the two committees of the 
Engineering College Research Associa- 
tion whose charge it has been to repre 
sent the engineering research bureaus, 
divisions, and experiment stations if 
recent war and post-war activities of 
the Federal Government. With emer 
gency federal legislation and directives 
pointed at establishing controls and 
allocation of scientific and engineering 
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research, the authority to speak with 
firmness and decision was most essen- 
tial to the Committee on Federal Legis- 
lation and the Committee on Relations 
with Federal Research Agencies. 

Their representation of the engineer- 
ing research agencies of the engineer- 
ing colleges will be set down in our 
history as one of the most constructive 
and protective jobs done by any group 
of engineering educators and adminis- 
trators in the present national readjust- 
ment of scientific endeavor. Had these 
two committees not been present and 
most active at the critical moments in 
Washington and the ‘contiguous terri- 
tory during this re-orientation of fed- 
eral emphasis on research, there is no 
question but that engineering research 
would have been submerged by the 
active and effective work of zealous 
exponents of research in other fields. 

To effect such a contribution to en- 
gineering research, power and author- 
ity to speak and act without undue 
delay yet with judicial certainty was 
most essential. It brought results for 
which the engineering profession can 
be grateful. 

Again, the principal accusation made 
against the research activities of the 
engineering colleges over the past four 
decades has been their slowness and 
languor in approaching critically im- 
portant problems. Much of this criti- 
cism was justified, as engineering re- 
search was too often envisioned by the 
institutional director as a luxury that 
should receive long and thoughtful 
study. The outstanding and epochal 
discoveries and accomplishments of the 
tngineers and physicists who were re- 
ctuited from the teaching personnel of 
our American universities during the 
past five years has demonstrated that 
thoughtful study can be accomplished 
without years of pondering reverie. 
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The operational organization of the 
Engineering College Research Associa- 
tion, as the contact agency of the re- 
search divisions of the engineering 
colleges, has demonstrated this same 
ability to meet emergency measures 
with discretion and good judgment and 
thus to reflect the emerging attitude of 
the modern order of engineering re- 
search as represented in the sixty-seven 
active member institutions of the Engi- 
neering College Research Association. 

During the three years of its exist- 
ence, the Engineering College Re- 
search Association has published two 
complete directories of the member 
institutions and their principal fields of 
research. These have been placed in 
all of the larger libraries of the United 
States and with a large number of the 
more active industrial organizations of 
the nation. Also, a substantial number 
of these directories have been placed in 
the hands of the active research agen- 
cies of the Federal Government. This 
is probably one of the first times in the 
history of the United States that a 
comprehensive directory of the re- 
search activities of the engineering col- 
leges has been made possible. The 
results have been most gratifying in 
that repeated requests have come from 
industries and the Federal Government 
for a continuation of this type of serv- 
ice, which is of value both to the 
engineering colleges and to the indus- 
trial life of our nation. 

At the present time the officers and 
directors of the Engineering College 
Research Association find it most :de- 
sirable to hold the annual meeting just 
prior to and in the same city with the 
annual meeting of the Society for the 
Promotion of Engineering Education. 
By this close cooperation with the So- 
ciety for the Promotion of Engineering 
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Education, a strengthening of both 
organizations has been effected. 

During the past eighteen months a 
mutual effort has been made on the 
part of the Engineering College Re- 
search Association and the Society for 
the Promotion of Engineering Educa- 
tion to create one organization that 
could encompass the objectives of both. 
This merger proposal came after there 
had been some evidences that the Ad- 
ministrative Division of the Society for 
the Promotion of Engineering Educa- 
tion had many items more in common 
with the activities of the Engineering 
College Research Association than with 
its parent organization. Out of these 
suggestions there came the definite be- 
lief that if the Engineering College 
Research Association could retain its 
autonomy and work with the Adminis- 
trative Division of S.P.E.E. in a 
coordinated and correlated program, 
probably the entire parent organization, 
as well as its Administrative Division, 
and the E.C.R.A. would be equally 
benefited. 

The proposed constitution of the 
American Society for Engineering 
Education has anticipated these needs 
of the Administrative Division of the 
Society for the Promotion of Engineer- 
ing Education and of the Engineering 
College Research Association and has 
set forth a policy, procedure, and ad- 
ministrative organization that will give 
such freedom of action. 

The present Engineering College Re- 
search Association requires a separate 
membership fee from that of the So- 
ciety for the Promotion of Engineer- 
ing Education. The proposed consti- 


tution of the American Society for 
Engineering Education would make it 
possible to offer to the universities and 
engineering colleges of the United 
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States and Canada: one institutional 
membership that would cover the ac- 
tivities now pursued by the Society for 
the Promotion of Engineering Eduea- 
tion and the Engineering College Re- 
search Association. 

It is the conviction of the official 
family of the Engineering College Re- 
search Association that the organiza- 
tion plans for consolidation should be 
mutually creative of new activities for 
both the Society for the Promotion of 
Engineering Education and the Engi- 
neering College Research Association. 
To this end, the proposed constitution 
of the American Society for Engineer- 
ing Education has been designed to in- 
spire increased activity in all the com- 
ponent parts of the organization. 

If this combining of the two organi- 
zations is successfully consummated, it 
will be one of the first demonstrations 
in the engineering world of a bringing 
together of two engineering organiza- 
tions under one membership fee. Up 
to the present time the trend in the 
United States has been the division 
and redivision of engineering activities 
so that many of us today are support 
ing four and five different engineering 
organizations that might have been 
successfully carried on under one as 
sociation had our forefathers been 
somewhat more farsighted in their ad- 
ministrative planning and in their 
management of their respective mem 
bership groups. 

Today the Engineering College Re 
search Association, though only in ex 
istence three years, has developed @ 
maturity far beyond its years because 
it was formed in the midst of a national 
and international crisis in which sc 
ence and engineering were to make the 
greatest contribution of all the profes 
sions. In its success, it is not unminé 
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ful of its great debt to its parent 
organization, the Society for the Pro- 
motion of Engineering Education, and 
if through a mutually acceptable joint 
organization, such as the proposed 
American Society for Engineering 
Education, it can proceed with its es- 
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tablished effectiveness and discretion 
and with its existing degree of auton- 
omy, it will gladly join in perfecting 
a stronger and greater engineering 
fraternity that can speak with one 
voice for engineering education and 
research. 






There is a general agreement among 
those who have studied the question 
carefully and who possess competency 
that we of the United States face a 
critical shortage of engineers and sci- 
entists. The need is so great that this 
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shortage will certainly effect not only 
the internal economy of the country, 
but will seriously impair the United 
States as a world power by limiting 
its capacity to produce and to supply 
world markets. 

This article was written primarily 
with the idea of exploring some of the 
factors which enter into this problem 
in a qualitative, rather than a quanti- 
tative way. In the meeting of it, there 
must be considered the deficit which 
we face; the capacity of the engineer- 
ing colleges to train men to meet the 
deficit; but more particularly at the 
moment, we must get some general 


idea of the part which the veteran. 


plays in the whole situation. These 
men are coming back in great numbers. 
They offer perhaps, at least superfici- 
ally, the easiest solution for the prob- 
lem. Perhaps some indication as to 
the amount of this load would be of 
value to the colleges who will have to 
meet, at least temporarily, a greatly 
increased load in the first year. 

In thinking this problem through, it 
is well to remember that as an overall 
national policy with respect to the posi- 
tion of this country in a military way, 
we must guarantee that we have a 
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j 
can be based properly upon the ratio 
of the needs of engineers in post-war 
years in various industries as compared 
with pre-war years. In many indus- 
tries the feeling is that more engineers 
will be needed in research and develop- 
ment. In other industries, more engi- 
neers—technical men—will be needed, 
particularly in the lines of distribution, 
with special emphasis on the need in 
foreign countries—in foreign markets. 
The averages seem to arrange them- 
slves somewhat after this fashion: 
The smaller companies to find the 
greatest need for increased engineering 
personnel; the medium sized compan- 
ies less; and perhaps the larger com- 
‘panies the least. These estimates are 
spread over a very wide range—from 
200 per cent in the smaller companies 
to 50 per cent increase in some of the 
Tlarger ones. 

On the basis of all these estimates, 
which are matters of expert opinion on 
the part of competent observers, indi- 
tations are that, based upon opinions 
re-enforced by statistics, the deficit of 
engineers in 1950 would vary from an 
absolute minimum of say 75,000 to a 
maximum in the neighborhood of 
150,000. These figures, taking into 
acount all the factors of the situation, 
would seem to be about as precise as 
we could hope to get. 

Let us consider for just a moment 
from a quantitative standpoint what we 
tan hope to do with respect to offset- 
ting the estimated deficits by the train- 
ing of veterans and ex-servicemen. 
This will, of course, depend very much 
upon the number of men discharged in 
any one given year. Looking at the 
situation from the best possible angle 
—that is, the angle of training the 
largest number of men possible from 
the armed forces who would take 
their places as graduate engineers—we 
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would have in 1946 a total of 3,000 
rising to somewhere around 40,000 in 
1949 and 65,000 in 1950. This again 
assumes that selective service will end 
before September 1, 1946, and depends, 
as we said, upon other imponderable 
factors which are not capable of exact 
solution. 

Let us consider further the capacities © 
of the engineering colleges with re- 
spect to the veteran load. It is com- 
paratively simple to deduce certain 
figures indicating the over-all load ; and 
from other information gained from the 
armed forces it is comparatively simple 
to arrive at figures indicating the num- 
ber of men who will enter professional, 
technological colleges. Suffice it to say 
that these figures indicate a consider- 
able load, but not an overwhelming one. 
In order to meet this load there are 
certain facilities available, and certain 
factors enter into the question which 
would tend to lighten the load—per- 
haps to put it better—would indicate 
certain points at which this load was 
heaviest and give us some information 
upon which to base a procedure to meet 
the problem, 

Assuming that a certain number of 
men were planning for schooling, the 
most important single factor entering 
the situation is probably that of the 
number of jobs available and the gen- 
eral wage level. If jobs are plentiful 
the veterans will take them. If they 
are not plentiful, or if the wage level is 
low, it will generally be true that the . 
veterans will take up full-time profes- 


‘sional academic work. At any rate, the 


economic situation will be, at least in 
the opinion of the writer, the most im- 
portant single factor in the educational 
problem. 

No matter what the situation may 
be, it is nevertheless true that about 
one-half of the students wishing en- 
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trance or applying for entrance in a 
first-class professional school are re- 
jected because of educational deficien- 
cies or because of deficiencies in apti- 
tudes and attitudes. The effect of this 
factor on college enrollment is self- 
evident. 

The marital status of the enlisted 
men is of tremendous importance in 
appraising the number who will resume 
full-time school. * “Of the white en- 
listed men planning to resume full-time 
school, 93 per cent were single, more 
than 90 per cent were under 25 years 
of age, and 90 per cent had the formal 
education required for entering or re- 
suming college level study.” This 
means that, practically speaking, we 
would have very few men over 25 
years of age in full-time college, and 
very few unless they were single and 
unless they already possessed the train- 
ing necessary for entrance. All these 
factors would tend to cut very heavily 
into the estimated college enrollment. 

Having the same effect, but having 
to do particularly with the facilities 
available, the following factors would 
seem to be extremely important. 

Technical colleges in the United 
States are at present graduating about 
10 per cent of the number of students 
usually graduated. While the regis- 
tration in colleges of engineering is 
considerably higher than this, there is 
at the present time, and will be so long 
as Selective Service or Universal Mili- 
tary Training takes these boys at 18, a 
relatively small number of graduates 
from these schools, which indicates a 
considerable potential capacity. An- 
other very important factor has to do 
with the manner in which these stu- 
dents enter. Great numbers are enter- 


* Percentages from figures compiled by the 
U. S. Office of Education. 
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ing in the freshman year; very few, so 
far, in the upper years. 

This number will increase until the 
bulk of the soldiers have come back, 
-and the effect on the college picture 
will be a wave whose crest has not 
reached us yet but which is beginning 
to be definitely felt. As this wave 
passes on through the four years of 
college, it will finally fill the institu. 
tions, but our problem is definitely to 
level off the crest so that we can make 
it fit our potential or prospective capa- 
cities. It is possible to do this by pro 
gressively taking in groups of students 
when and if they appear, and this can 
be done without curtailing programs, 
It should be possible to secure a much 
more even distribution than if we 
waited until a certain particular time 
each year to open the gates and let the 
already risen tide enter. 

In connection with the rapidly in- 
creasing enrollment in the first years of 
college, it is possible to do as some col- 
leges have done in the past; to arrange 
with neighboring arts and junior cok 
leges so that part of the entering tech- 
nical and scientific load may be prop 
erly borne by such colleges. The char 
acter of the work undertaken in the 
first two years at both the arts and the 
engineering college is essentially the 
same, and with reasonable modification 
it is possible to pool the educational 
capacities of our institutions of learn 
ing, no matter what the emphasis might 
be on technological work. Specifically, 
a survey of the conditions indicates that 
there is much potential capacity for sci- 
entific and mathematical training out- 
side the professional engineering col 
leges. 

As far as classroom instruction is 
concerned, there can be no particulaf 
dearth of facilities. From the material 
side the bottleneck will probably occut 
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in laboratories, in scientific or ad- 
vanced technological subjects. It is in- 
teresting to note in this connection that 
the average college under normal con- 
ditions sometimes uses these facilities 
far below their maximum capacity. 
They are seldom used full time. The 
A.S.T.P. assumes that four hours per 
day constitutes a normal use of lab- 
oratory facilities. With an over-all 40- 
hour week available for the use of such 
facilities, the implication is clear. 

The National Roster of Scientific 
and Specialized Personnel says: “Re- 
turns indicate that enrollments could be 
increased by 60 per cent if additional 
staff were provided.” 

This question of teaching personnel 
is a serious one, and it may be neces- 
sary to adopt the same procedures as 
have characterized industry in meeting 
the war emergency. Some teachers 
may have to work overtime and take 
something in the way of a considerable 
additional load until the emergency has 
passed. The problem is one which it 
seems to me is serious but in nowise 
insoluble. It will take on the part of 
the colleges imagination, original think- 
ing, and presumes adaptability and 
flexibility with respect to schedules and 
with respect to traditional practices 
and procedures. d 

The matter is not one of extreme 
precision, and for that reason I have 
hesitated in quoting anything except 
overall figures and percentages. It 
should be borne in mind throughout 
the entire discussion that a sudden 
change in the economic situation will 
very definitely shift the emphasis and 
the pressure. This is especially true 
with respect to the evening work given 
in urban centers for a degree, and the 
technical work of general college grade 
given in special courses. During the 


war this type of work was developed 
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to a very considerable extent. It is 
fair to assume that if jobs are plentiful 
and wages high, this work will assume 
very considerable importance. : 

Such facilities and such procedures 
as have been developed during the war 
and our experience there with such 
projects as the E.S.M.W.T. have 
shown that we have capacity enough 
to deal with any part-time load that 
can come to us as a post-war prob- 
lem. The important thing, it seems to 
the writer, is to follow developments 
closely enough so that the entire re- 
sources of our technical colleges can be 
mustered at the point, at the time 
when the emergency exists. 

Perhaps it should be stressed again 
that the reason this problem is so im- 
portant is that not only will the vet- 
erans be benefited by adequate and 
proper training, but the nation as a 
whole will secure, as it must secure, an 
adequate scientific and technological 
personnel to ensure proper scientific 
development. This today is absolutely 
necessary for national existence. So 
much for the situation with respect 
to the possibilities of training veteran 
personnel in engineering and scientific 
fields. 

This will give some idea of the 
order of magnitude of the problem. 
While the figures may in themselves 
be open to some question, it is believed 
that the estimate would be extremely 
helpful in an attack on the problem 
with the idea in mind that one signifi- 
cant figure is very much more signifi- 
cant than none at all. Since it is not 
possible to determine exactly when the 
deficit will be met, it is not critical 
that we know this exact date; and 
while the number of men involved may 
be expressed in round numbers, it is 
not fundamentally necessary to have 
great precision simply because in either 
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case it is not possible to control all of 
the several factors which interact. It 
would appear enough to know that a 
considerable number of engineers are 
immediately needed; but we would 
have to wait a considerable time to 
make up the deficit. It would be in- 
teresting and helpful to know about 
how long we had to wait—five years 
or ten years or twenty—and also it 
would be helpful to have some idea of 
the factors operating. Sometimes it is 
just as important to know what’s go- 
ing on as how much is going on, and 
sometimes it is very helpful to know 
where a road leads even if we can’t 
tell just exactly how far it is to our 
proposed destination. 

We have, therefore, indicated some- 
thing of the character and extent of 
the problem and the factors working. 
It should be appreciated throughout 
the discussion that the fundamental 
reason such a study is necessary is not 
because the colleges need extra stu- 
dents, or perhaps not because the stu- 
dents in a democracy must be given 
training, but because, in the very na- 
ture of the present. situation, this 
country must be assured of a scientific 
and technical personnel great enough to 
develop a proper national defense. If 
we are realistic, we must face the fact 
that this country, no matter whether 
alone, in combination with one or two 
others, or in combination with the 
world, must continue to develop and 
expand its scientific studies and its 
scientific research. Without even indi- 
cating that another war is possible, or 
that the dropping of another atomic 
bomb is within the limits of human 
imagination, it is a fact that realisti- 
cally—-we again repeat—this country 
must maintain its place in the march 
of scientific and technological progress. 
Perhaps today, instead of repeating 
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the challenge of Cato that “Carthage 
must be destroyed,” we might say that 
America must not be destroyed. The 
events towards the close of the last war 


‘brought home to every American, no 


matter how timid or how courageous, 
some of the possibilities that rest upon 
scientific development and research. 
To hide our eyes to this is the essence 
of foolishness. Therefere, the need for 
these men springs from a national need 
which all of us feel. 

One more observation seems to be 
warranted and seems to be pertinent: 
that is that the more successful we are 
in the immediate post-war period in 
having jobs—and good jobs—for every- 
body, the more we will suffer in the 
lack of trained personnel—not only be- 
cause more jobs require more men, 
but because more jobs requiring more 
men at attractive figures always cause 
a flow from the colleges or training 
centers into the industries. 

So far we have dealt very largely 
with the technological side of the pic- 
ture, and while it is perfectly true that 
a great many of our men of science— 
that is, men engaged in fundamental 
scientific research—enter that field 
through the means of technical or en 
gineering work, it is nevertheless true 
that a great number, perhaps consider- 
ably more than an equal number of in- 
vestigators and research men in the 
fields of pure science, do not come 
through the medium of engineering 
colleges, but through the science de- 
partments of universities, and colleges 
of arts and science. This means, of 
course, that the problem is one which 
is faced by all institutions of higher 
learning, and it is interesting to note 
that these men who do take up scien- 
tific work sometimes receive as theif 
first degree, not the degree of Bachelor 
of Science, but a degree in quite a 
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different field. It is true that in many 
universities and colleges scientific apti- 
tude is completely overlooked, and a 
boy never being exposed to scientific 
training never.indicates any aptitude 
for it, and sometimes perhaps as much 
by good luck as good judgment—per- 
haps by the merest chance—gravitates 
toward or finds himself plunged into a 
scientific career. One of the greatest 
problems that faces educators today is, 
from the standpoint of efficiency, to 
gain some knowledge of the mental 
equipment characteristic of the scien- 
tific mind. 

While the engineering colleges have 
made some advance, there is much to 
be done, particularly in the lines of 
pure science. In this field a man may 
start late—very late—and, in the na- 
ture of things, a specialized scientific 
education must extend very far. The 
time span is considerable, and the men 
are of the utmost immediate impor- 
tance. It might be submitted further— 
which, after all, is the most disconcert- 
ing thing—that these men should be 
men of action, men of energy, as well 
as men of judgment and men of experi- 
ence. That is, we will need always in 
this work of research a certain propor- 
tion of younger men with the point of 
view which they bring to every prob- 
lem of exploration. 

We have talked a great deal about 
the needs and our methods of filling the 
needs ; a little perhaps about the neces- 
sity of doing this in as short a time 
as possible; and all these things, I 
think, in one form or another, are 
‘definitely appreciated by all men who 
know the picture. We have yet in this 
democracy of ours to find a way to im- 
press upon those in authority a method 
of correcting what we are pleased to 
call a desperate situation. Legislation, 
executive orders and public education 
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all have their proponents. I heard 
even some men indicate that something 
in the nature of an intellectual atomic 
bomb would be indicated. It seems to 
the writer that the situation can be met 
if we are careful to analyze the facts 
and the figures, and to realize that this 
business of waging war or maintaining 
peace or ensuring adequate national de- 
fense involves perhaps, to be perfectly 
realistic, professionals of two kinds: 
first, professional soldiers, and second- 
ly, professional men—doctors, college 
men of science, engineers—who serve 
with these professional soldiers as pro- 
fessional scientists, etc., with the status 
in the Army of amateurs, in the sense 
that they are not professional soldiers. 
A professional soldier is—and properly 
is—concerned exclusively with the 
waging of war in its overall aspects, 
and he uses, by means either voluntary 
or conscriptive, such professional men 
as are available in these lines. West 
Point and Annapolis do not train doc- 
tors or dentists or specialized scientists 
—they train soldiers, professional sol- 
diers. Such professional men are drawn 
into the Army as amateur soldiers, and 
together with other amateur soldiers, 
under the direction of professional sol- 
diers, carry on a war. The question 
seems to be as to what place these 
professional civilians, as amateur sol- 
diers, have in the picture. 

It would be interesting to ask the 
Army to what extent professional sci- 
entists, engineers and production men 
have been of assistance to them as ama- 
teurs in the Army; to what extent sci- 
entific advancements and developments ; 
to what extent fundamental design and 
development were worthwhile; and to 
what extent the production schedule 
of the United States with respect to 
the machines of war was helpful to 
the Army. In that way it might be 
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possible to appraise in words of the 
Army and terms of the Army some- 
thing of the emphasis which we should 
place upon the training of these civil- 
ian professionals and amateur soldiers. 
It is my considerate belief that the 
Army could specifically indicate to 
what extent, if any, such men had been 
valuable; and to what extent, if any, 
they would be valuable again—and up- 
on this statement by the Army, base 
something of a training program. I 
for one, should be very much interested 
to know how it would be possible to 
secure, fifteen years from now, suffi- 
cient technically trained personnel 
when the present training program ap- 
proximated roughly one-tenth the num- 
bers trained in the post-war period. 
Remembering that while we are not 
speaking of war or rumors of war, we 
are speaking of questions of funda- 
mental scientific national defense, the 


Army might, and I believe can posi- 


tively and will definitely, if properly 
approached, acknowledge a consider- 
able responsibility toward scientific re- 


search. In case a peace is not sus- 
tained or in case a nation is destroyed, 
an army must be responsible. Why not 
ask them to bear their definite and full 
responsibility not only in the waging of 
war, but in the planning of the defense 
and maintenance of the future peace? 

I hope I have not stressed too much 
the question of scientific preparation 
for war, or too many times the Army, 
but any man who sees the picture 
clearly must recognize that in_ this 
present situation there must be, if it is 
humanly possible, a high degree of co- 
ordination between an army which is 
striving to keep the peace and a nation 
which is striving to develop itself along 
peacetime pursuits. It is this balance 
of power between the civilian and the 
military which is important to main- 
tain, and as in a total war the civilians 
are extremely important to the mili- 
tary, in a total peace the Army must 
cooperate with the civilians, and co- 
operation pre-supposes a compromise 
which involves a common objective in- 
volving different functions. 
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The War Project Called E.S.M.W.T. and Its Perma- 
nent Lessons for American Engineering Schools 





By DUGALD C. JACKSON 
of Massachusetts Institute of Technology 
and FRANK D. CARVIN 
of Newark College of Engineering 


Tue E.S.M.W.T. ano 
Its RESULTS 


In the late spring of 1944 the U. S. 
Commissioner of Education (Hon. 


Part I. 


John W. Studebaker) and the Director * 


of E.S.M.W.T. (Dean George W. 
Case) asked us to undertake an ex- 
acting study of the processes of and the 
results achieved by the Engineering, 
Science and Management War Train- 
ing (E.S.M.W.T.). As a consequence 
we personally made a rather detailed 
examination of the processes and activi- 
ties of the E.S.M.W.T. central office 
in Washington and visited widely for 
observation and conference amongst 
the colleges and the industries par- 
ticipating in the work. This work by 
the colleges was carried out on a no- 
profit, no-loss basis, supported by 
funds appropriated by Congress and 
distributed through the office of the 
Commissioner of Education under the 
direction of the E.S.M.W.T. organiza- 
tion which the Commissioner had 
brought together. The original Di- 
rector of E.S.M.W.T. in the Office 


of Education in Washington, as is well 
known, was Dean R. A. Seaton, of 
Kansas State College, and upon his 
return to his college the post was filled 
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by Dean George W. Case of the Ud- 
versity of New Hampshire. 

We were given the opportunities 
for visiting a large proportion of the 
colleges and industries participating, 
the choice of the institutions and lo- 
calities visited being left in our hands. 
A full report of our examination and 
conclusions was submitted to Com- 
missioner Studebaker at the end of 
July, 1944. 

The examination brought out the 
fact that a great influence for good in 
the war situation resulted from the ar- 
rangement of E.S.M.W.T., with its 
central office provided to make general 
plans and supervise execution, but the 
processes of execution being placed in- 
dividually in the hands of approved 
colleges that were strong in engineer- 
ing, physics, chemistry and industrial 
management. Mathematics was in- 
cluded as a feature of engineering. 

The Commissioner of Education and 
the Director of E.S.M.W.T. have now 
approved the publication of a digest 
of our report, and, as we believe that 
the engineering schools of the country 
may profit by an understanding of 
what they mutually accomplished in 
E.S.M.W.T., and by considering what 
may be gained for the future by such 
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understanding, we have undertaken to 
prepare this article for THE JouRNAL 
oF ENGINEERING EpucaTIon. The 
visits to colleges and industries in the 
far west, in the south and in the middle 
states were made by Professor Carvin. 
Those in New England and, to some 
degree, the middle states, and confer- 
ences regarding the central west, were 
mostly in the hands of Professor Jack- 
son. The results set forth here are the 
outcome of our actual observations and 
conferences. 

More than two hundred colleges 
participated in this project. It was 
started before the days of Pearl 
Harbor, was then called Engineering 
Defense Training, but after Pearl 
Harbor it came to be called Engineer- 
ing, Science and Management War 
Training. It was, in each case, estab- 
lished by Congressional enactment and 
supported by annual Congressional ap- 
propriations until the war closed. The 
number of colleges participating in the 
program differed from time to time as 
additional colleges were approved for 
entering the project or now and then 
a college had exhausted the needs as 
seen by its faculty within its own area 
and withdrew. Our program of visit- 
ing included about fifty institutions, 
which we selected from among those 
which had been approved for courses 
under the program. 

In addition to the colleges, some 
sixty industries which had participated 
in the program were visited. A total 
of some twenty thousand miles of 
travel were covered in the course of 
these field investigations. Other in- 
formation was secured by personal con- 
ferences and correspondence with ex- 
ecutive authorities of many colleges and 
industries which time would not permit 
for observation by visits. 


By means of such visits it was prac- 
ticable for us to assure ourselves of 
the degree of fidelity and wisdom with 
which the institutional representatives 
and their associates were carrying on 
under the plans laid down, and also to 
assure ourselves of the degree to which 
the training courses in each area had 
proved to be an aid to the war effort. 
All conclusions that we have presented 
are derived from information secured 
by us from direct contacts with authori- 
ties of the colleges carrying on E.S.M. 
W.T. work or with executives and 
employees of industries of which em- 
ployees pursued E.S.M.W.T. courses, 
A total of more than one and one-half 
million trainees were taught in courses 
from the origination of the project to 
its end when the active war closed. 
All of the training efforts through the 
E.S.M.W.T. were aimed at college 
level. Each employed trainee had em- 
ployment likely to influence many other 
employees affected by the trainee’s as- 
sociation or his supervisory work. 
Executive officers of an impressively 
large proportion of the industries which 
had employees in the E.S.M.W.T. 
courses have expressed great favor for 
the results of the courses and have 
estimated the advantages derived to 
cover a wide variety of effects. 

The objective originally stated by 
Congress was “to meet the shortage of 
engineers with specialized training in 
fields essential to the national defense.” 
This was for the fiscal year 1940-41. 
It was soon found that the war effort 
in many industries would be helped by 
adding training programs of college 
level in chemistry, physics and pro- 
duction supervision. The Congres- 
sional Act, therefore, was expanded to 
provide for training designed “to meet 
the shortage of engineers, chemists, 
physicists and production supervisors 
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in fields essential to the national 
defense.” 

This gradual change of scope, recog- 
nized by the Congressional enactments, 
shows clearly the manner in which the 
objectives expanded while experience 
was being secured by the industries in 
regard to the aid through the colleges 
which was available for the industrial 
production needed for the purposes of 
war. 

The higher staff of the E.S.M.W.T. 
Division in the Office of Education at 
Washington was largely composed of 
men of importance who came to this 
work on leaves of absence from im- 
portant posts in colleges or industries. 
The organization was therefore thor- 
oughly acquainted with industrial proc- 
esses. The colleges loyally responded 
to the invitation to participate in the 
project, and nearly all those partici- 
pating carried out training courses of 
great advantage to the war effort. Re- 
lations having been set up between the 
Washington office and the colleges, it 
became necessary to set up relations 
between the colleges and the industries 
whose employees would gain advantage 
from E.S.M.W.T. courses, all of which 
courses were provided by the Congres- 
sional Acts to be of college level. 
Strictly vocational courses were pro- 
vided for through a different set-up, 
which was also supported by Congres- 
sional appropriations and centered in 
the Office of Education in Washington. 

The relations of the E.S.M.W.T. 
colleges with the industries were 
brought about by the appointment of 
an Institutional Representative by each 
college, who made contact with the in- 
dustries of the neighborhood so as to 
confer with the appropriate industrial 
administrative officers and learn what 
shortcomings the particular industries 
were feeling in regard to securing ade- 
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quately trained employees for the en- 
larging scope of production related to 
the war. The instruction .courses 
thereupon provided were of a. wide 
range and scope in order that they 
might meet the industrial needs. 

The wide expanse of the country 
and the different conditions met in 
various geographical areas resulted in 
a different amount of expenditure per 
trainee in like courses given in several 
locations. Such variations of expendi- 
ture must exist in any event on ac- 
count of the varying characteristics of 
the many courses; but little in the way 
of these differences can be ascribed 
to lack of effort at economy by the 
various colleges. 

Different provisions had to be made, 
also, as between geographical areas in 
which the industrial activities were 
densely located and other areas of im- 
portant industrial production but in 
which the industries were quite scat- 
tered. In some cases traveling labora- 
tories were equipped and used to serve 
courses remote from a college campus. 
Much of the teaching was done on the 
college campuses, much was done on 
the grounds of the industries partici- 
pating, and some was done in borrowed 
high school premises or rented prem- 
ises in important industrial localities. 
The courses were usually of short time, 
intensive training, given at the end of 
work shifts over a period of ten to 
fifteen weeks ; but others were full-time 
courses operating six days a week. 

As the total expenditure through the 
E.S.M.W.T. organization ran into 
large sums of money (between fifty and 
sixty million dollars for the total pe- 
riod), it is desirable at this point to 
refer to the financial management for 
carrying on under the Congressional 
appropriations, which became a re- 
sponsibility of the Office of the U. S. 
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Commissioner of Education. The de- 
tailed expenditures were made by each 
college, based on estimates submitted 
for each course proposed by the col- 
leges and approved by the Director of 
E.S.M.W.T. The actual expenditures 
made were reported to the Office of 
Education, along with the certification 
of a public accountant, but the E.S.M. 
W.T. Division of the Office went 
further in examining the accounts to 
assure that only authorized expendi- 
tures were made. Our exacting ex- 
amination into the results convinces 
us that the money value returned to 
the nation through the improvement of 
production and its speeding up was 
several times as much as the actual 
money expended. In addition, the 
nation may properly additionally credit 
to E.S.M.W.T. that the improvements 
and the speeding up resulted in con- 
ditions which happily saved lives in 
the combat zones of the war. 

The urgent need for the E.S.M.W.T. 
project was caused by the industrial 
picture at the outbreak of the war. 
There was rapid expansion of indus- 
tries into the manufacture of products 
completely foreign to their basic prod- 
ucts. There was development of new 
industries, or growth of smaller ones 
into large industries, both of these de- 
velopments being notable. Where in- 
dustrial development was most rapid, 
the industries made extensive and im- 
mediate use of the E.S.M.W.T. pro- 
gram, and in many instances the indus- 
trial authorities held that they could not 
have met the needs as adequately as 
was accomplished without the aid of 
this program. 

Immediate use of the program oc- 
curred at those colleges already having 
contacts with industry through Uni- 
versity Extension departments or like 
relations. Other colleges developed the 


program more slowly. Extensive sur- 
veys preliminary to giving courses, 
such as were available from Extension 
Departments, were of great benefit, 
Other institutions made special indus- 
trial surveys of their areas. The lack 
of industrial surveys by some institu- 
tions prevented them from making full 
use of the program. In some such 
instances stimulus to improving the 
programs came about through inquiries 
from the industries of the areas. 

The growth of the new industries or 
the very rapid expansion of existing 
industries led to a great flux of em- 
ployees into different centers. Many 
of such employees were “drifters” and 
not of a nature to make permanent 
employees ; others were not adapted to 
the kind of employment which they 
sought. In any event, the turnover in 
some industries was extravagantly 
great in the early days of the war. 
The personnel departments of such 
industries were submerged by the 
needs of securing new employees, and 
for shifting ill-fitted employees in the 
hope that they might be brought to 
productive status. Such a problem is 
always before the American industries 
but only in a moderate degree under 
ordinary conditions. It grew to an 
extravagant degree during the days of 
the war, and industries so affected did 
not have opportunity to build up ade 
quate training procedures for them- 
selves. This was notably true where 
the training should be on the college 
level and was strongly needed for up- 
grading employees so as to maintain 
a solidarity of employed forces. The 
solution of these and other problems 
relating to the stability of employment 
of employees is also greatly affected 
by the skill of supervisors and foremen 
who have supervisory relations. 


The E.S.M.W.T. courses in supet- 
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yisory practices proved very helpful in 
improving the internal relations in the 
industries through giving keener views 
of the responsibilities of the foremen 
and other supervisory forces. The pro- 
duction supervision courses for execu- 
tives such as department heads also 
led to expressions of satisfaction and 
even gratitude from the industries on 
account of the betterment of processes 
and greater appreciation of the mutual 
understanding that should.exist among 
departments. The result of all this 
has been improving stability of employ- 
ment, saving of material, and saving 
of manpower on account of wiser 
executive guidance in the production 
problems and also in other problems 
which ad direct influence upon pro- 
duction activities. Courses in im- 
proved processes of design, improved 
processes of inspection such as the 
course in quality control, improved un- 
derstanding of the metallurgical proc- 
esses in foundry work, and many 
other such subjects, also have saved 
waste of material, accelerated the rate 
of production, and saved manpower 
in these war industries. 

Space does not permit us to go into 
a more extensive analysis of the 
E.S.M.W.T., but we cannot omit em- 
phasizing here the advantages which 
were derived, under the particular con- 
ditions, from the arrangement with 
central supervision from the Office of 
the Commissioner of Education, associ- 
ated with decentralized execution of the 
work of the project through appropri- 
ate colleges throughout the nation. In 
the course of our examination of the 
E.S.M.W.T. processes, we again and 
again reflected on the question of 
whether the industries might not have 
carried out this training for themselves 
and of themselves with equal prompt- 
ness and adequacy; but the results of 
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our observations, associated with our 
own thorough-going acquaintance with 
engineering and with industrial man- 
agement, led us to a conclusive answer 
of No. In normal times large indus- 
tries may be able to take care of their 
own needs in the way of training, from 
the lowest vocational needs for em- 
ployees to the highest additional and 
refresher training for the most skilled 
engineers and executives. Indeed, a 
few of the American industries do 
practice such processes in peace times. 
These processes have satisfactorily met 
the needs for large industries in peace 
times. It is not very effective for small 
industries even in peace times, how- 
ever, except through the cooperation 
of nearby colleges. 

The war emergency made the need 
so great in numerous aspects that, not 
only were the existing training proc- 
esses in industry swamped, but they 
were often inadequate in scope to meet 
all the needs of the peculiar conditions 
of the war emergency. The executives 
ordinarily in charge of such work were 
so deeply loaded with special execu- 
tive and supervisory duties that it 
was impracticable for them to plan for 
prompt meeting of all the needs. It 
also was impracticable for them to se- 
cure suitable instructors for training 
courses during war conditions. Some 
of the long established and large in- 
dustries were able to eke out most 
of their needs by their own well estab- 
lished processes but gained advantage 
from E.S.M.W.T. by certain special 
types of courses. Other industries 
which may have been well established 
but which expanded at an amazing 
rate on account of war conditions (like 
the aircraft and shipbuilding indus- 
tries) had little experience in training 
processes for up-grading present em- 
ployees or for developing the effective- 
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ness of potential employees. The 
E.S.M.W.T. was not only helpful, but 
it may be said to have afforded a 
notable contribution to the extraordi- 


nary success in the tremendous produc- © 


tion of these industries. 

A large proportion of the smaller 
industries of the country, which be- 
came either prime contractors or sub- 
contractors in war service, found them- 
selves in more or less difficulty either 
in regard to the quality of their prod- 
ucts or in regard to their obtaining 
additional employees for their super- 
visory or designing purposes as the 
magnitude of their production grew 
with great rapidity. Such industries 
were extensive users of E.S.M.W.T. 
Courses often were arranged for em- 
ployees of groups of small industries 
lying within a moderate area. Some- 
times employees drove as much as 
thirty or forty miles two or three times 
a week to attend evening sessions of 
E.S.M.W.T. courses, the local ration- 
ing boards providing such employees 
with sufficient gasoline for the purpose 
when they clubbed together in the use 
of automobiles. The courses which were 
valuable to these industries mostly re- 
lated to engineering drawing, problems 
of personnel management, metallurgy, 
production control and engineering de- 
sign. An illustration of the service 
may be recognized in the metallurgical 
guidance secured by foundries which 
doubled or trebled their output on ac- 
count of the war demands and had 
difficulty with the quality of their cast- 
ings due to untrained hands who had 
to be brought in when greatly increased 
amounts of metal had to be melted 
and poured. This difficulty seems to 
have been overcome where the E.S.M. 
W.T. courses were applied to the 
metallurgy of foundry practice, and 


foundrymen, pattern makers and de- 


signers were brought into the courses 
for mutual understanding and joint 
instruction. 

Under the E.S.M.W.T. regime, the 
instructors were provided by the col- 
lege organizations, and this fact made 
it practicable not only to have instrue- 
tors from the different colleges duly 
assigned to work for which they were 
particularly appropriate, but it also 
proved practicable for the colleges to 
borrow from vatious industries appro- 
priate instructors suitable for instruc- 
tion in other industries. ‘That is, on 
account of the relations of the colleges 
which came to pass with the various 
industries, the loaning industry in such 
cases was content to make this con- 
tribution to the needs of the war 
emergency. There can be no doubt 
that this E.S.M.W.T. project made it 
possible for smaller industries to con- 
tribute production to the war effort to 
an extent and with a serviceability 
which otherwise would not have been 
within their possibilities. 

Mutual grouping of smaller indus- 
tries within a moderate area, for jointly 
utilizing the services of E.S.M.W.T. 
courses for training employees for up- 
grading, was an important effect. 
Competing industries sank their com- 
mercial differences for the sake of 
producing mutual service of aid to the 
war effort. Chambers of Commerce in 
smaller cities, and joint committees 
formed by the various industries in 
similar smaller cities, were serviceable 
in promoting this mutual relationship 
and enabling the E.S.M.W.T. to give 
this service. These smaller industries 
usually did not individually have suffi- 
cient employees who would gain an 
advantage by a particular course to 
justify the course being set up for the 
particular industry. With the mutual 
arrangement, a number of appropriate 





men fi 
came | 
thereu: 
them < 
dastic’ 
W.T. 
fully ¢ 
of nee 
dustris 
In 


types 
E.S.M 
for en 
to giv 
emplo 
servic’ 
ments 
of var 
forces 
officer 
Bes 
colleg 
E.S.N 
powet 
for co 
of cov 
types 
in the 
quirec 
dealt 
cours 
some 
Many 








ITrses 
joint 


, the 
col- 
nade 
truc- 
duly 
were 
also 
Ss to 
pro- 
Tuc- 
, on 
eges 
ious 
such 
con- 
war 
oubt 
le it 
con- 
t to 


ility 


lus- 


ible 
hip 
rive 
ries 


iffi- 


the 


ate 





WAR PROJECT CALLED E.S.M.W.T. 


men from a number of the industries 
came into the course, and the course 
thereupon operated for the benefit of 
them all. It will be observed that the 
dasticity in the organization of E.S.M. 
W.T. enabled the project to success- 
fully give service over the wide range 
of needs of both large and small in- 
dustries. 

In addition to the large range of 
types of industries to which the 
E.S.M.W.T. gave serviceable training 
for employees, it also was called upon 
to give corresponding training to the 
employees of navy yards, army air 
service, signal corps, ordnance depart- 
ments, and to employees of active bases 
of various other aspects of the military 
forces, as well as to various groups of 
officers. 

Besides the cooperation between the 
colleges and the industries in this 
E.S.M.W.T. project, the War Man- 
power Commission came in actively 
for cooperation. It approved the types 
of courses which might be given, which 
types came in number to thirty-seven 
in the end. Each of these types re- 
quired many intensive topics to be 
dealt with in the specific E.S.M.W.T. 
courses so that the program rose to 
some thousands of separate treatments. 
Many of these specific courses were 
repeated one or more times in the 
areas in which they were first intro- 
duced, and the large proportion of them 
were duplicated in different areas of 
the country because of the correspond- 
ing needs for the industries in those 
different areas. 

Here and there a college apparently 
tended to overstep the reasonable line 
of demarcation between instruction of 
college level and instruction of the vo- 
cational-school level. This tendency 
was generally checked for any such 
institution by criticism from the Wash- 
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ington office of the content of a pro- 
posed course or a lack.of mastery of 
his subject by a proposed instructor, 
and the college level requirement (as 
intended by the Congressional Acts) 
was generally well sustained even for 
the more elementary aspects of the 
E.S.M.W.T. work. For the more ad- 
vanced aspects of the E.S.M.W.T. 
work, no such tendency to fall below 
college level was observed by us. In- 
deed, much of the advanced work was 
of a notably high order. 


Part II. RESPONSIBILITIES OF AMER- 
ICAN ENGINEERING SCHOOLS FOR 
ConTINUING ACTIVE COOPERATION 
WITH INDUSTRY 


The success of the E.S.M.W.T. 
project in training industrial employees 
for manufacturing production in the 
war effort, even as carried out under 
great pressure for time, was so ample 
that it makes a strong support for the 
continuance, for the benefit of the na- 
tion, of active cooperation on the part 
of the engineering schools with the in- 
dustries for additional curricular train- 
ing of industrial employees ; and also for 
the propriety of the industries provid- 
ing the funds for carrying on such ad- 
ditional curricular instruction through 
University Extension departments or 
otherwise, while maintaining the com- 
plete independence of the colleges from 
industrial control. 

The more elementary of the E.S.M. 
W.T. courses, which were mostly pre- 
employment courses pursued by high 
school graduates who were competent 
to take up studies on a college level and 
also seemed appropriate to employment 
in war industries, were ordinarily of 
the nature of engineering drawing, de- 
scriptive geometry, mathematics, chem- 
istry, physics, elementary electricity, 
and the like. Usually more advanced 
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courses were provided in the E.S.M. 
W.T. project to follow these elemen- 
tary courses. The advanced courses 
particularly served for training existing 


industrial employees with the object of - 


up-grading them so that they could 
fill vacant places carrying higher re- 
sponsibilities in the growing war in- 
dustries. In such cases the positions 
of promoted employees were likely to 
be filled by individuals who had taken 
the preemployment courses just fe- 
ferred to, and during the latter part of 
the war the demand for trainees who 
had completed the preemployment 
courses became very great. 

The training processes afforded by 
E.S.M.W.T., usually being directed to 
a specific end in the way of training, 
have been more narrow than are usu- 
ally found in college instruction, and, 
besides this, each of these courses 
would commonly compose the equiva- 
lent of only a fraction of a normal 
college course in any subject. For 
these reasons, it was made a policy 
that credit toward college degrees 
should not follow for these trainees, 
but that each trainee on completing a 
course should receive a certificate stat- 
ing the subject of his course and the 
college which cooperated with the U. S. 
Office of Education in conferring the 
certificate. In many instances indus- 
tries joined with the colleges in making 
something of a ceremony on conferring 
such certificates on a class that was 
just completing its course, thus em- 
phasizing to the employees the im- 
portance of their studies. Here is a 


field of important scope for our engi- 
sneering schools to cultivate through 
special organizations or through their 
University Extension departments. In- 
deed, certain of the great engineering 
schools have already expressed the in- 
tent to carry on this sort of work in 
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cooperation with industries of their 
general neighborhoods. 

The United States is jointly a great 
agricultural nation and a great indus- 
trial nation. In pre-war days the value 
of agricultural production (using the 
word agriculture in its broadest sense) 
and the industrial production were 
reasonably well balanced. In addition 
thereto must be included a full measure 
of the service of the great engineering 
units in transportation, power genera- 
tion and transmission, and other col- 
lateral units which (like the manu- 
facturing and extractive industries) 
come within the purview of the en- 
gineering schools. 

After their experience with E.S.M. 
W.T. during their war efforts some 
industrial executives (although origi- 
nally skeptical) came to feel that their 
companies ought to establish training 
organizations for their employees above 
the purely vocational level. Where 
employees of these companies have 
taken advantage of the E.S.M.W.T. 
courses there seems to have arisen 4a 
conviction alike in the minds of em- 
ployees and executives of many com- 
panies that such training above the 
vocational level is fruitful; that is, the 
companies have become, as it is some- 
times expressed, “training minded.” 
Here is’ another important responsi- 
bility for the engineering schools and 
also for other colleges that are strong 
in physics, chemistry and manage- 
ment. Aid to the industries in estab- 
lishing such internal instruction or- 
ganizations and maintaining them 
suitably is a responsibility that the 
colleges may well assume for the wel- 
fare of the nation. This is likely to 
bring to our industries, and particularly 
to our smaller industries, a character 
of fruitful aid that characterizes the 
aid in agriculture that agricultural col- 
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leges of the country lend so widely to 
the farming population. 

The work on the part of the colleges 
may well be of both “on-campus” type 
and “off campus” type, the latter being 
carried on through University Exten- 
sion or similar organizations, but lim- 
ited to college grade types of instruc- 
tion. Where chemistry, physics and 
management come in through a college 
which is not intimately associated with 
an engineering school, the institutions 
which are neighbors to engineering 
schools may well work mutually with 
the latter through some special organi- 
zation. There is no ground for jeal- 
ousy as between the engineering 
schools and the other colleges of the 
country which are strong in science 
and in business affairs. 

The basic types of subjects in en- 
gineering per se, approved by the War 
Manpower Commission for E.S.M.W. 
T. in the war effort, were fourteen 
in number—namely, basic sciences for 
engineers, general engineering funda- 
mentals, aeronautical engineering, ar- 
chitectural engineering, ceramic en- 
gineering, chemical engineering, civil 
engineering, electrical engineering, in- 
dustrial engineering, marine engineer- 
ing and naval architecture, mechanical 
engineering, metallurgical engineering, 
Mining engineering, engineering ap- 
plied to the production of textiles, foods 
and other war materials. Within .the 
total of the basic types of courses 
approved by the War Manpower Com- 
Mission were also seven designed to 
meet the shortages of chemists, eight 
designed to meet the shortages of 
physicists, eight designed to meet the 
shortages of production supervisors. 
Many of these come within the actual 
scope of existing engineering schools, 
but others are more pertinent to the 
scope characterizing other colleges. 
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The detailed E.S.M.W.T. courses pro- 
vided by, the colleges ran from elemen- 
tary treatments, such as might be 
appropriate to the freshman year of an 
engineering school or other college, 
through the gamut of needs to very 
high types of post graduate instruction, 
such, for instance, as radar and other 
applications of electronics, or indus- 
trial management for executives. The 
introduction and execution of this 
E.S.M.W.T. project has opened a large 
field of additional and collateral service 
by the colleges to the nation through 
appropriate additional technical educa- 
tion for the employees of industry. An 
exceedingly important contribution to 
war production was found in the na- 
tionwide use of the course in quality 
control by statistical methods, mostly 
taught through the E.S.M.W.T. or- 
ganization but with the hearty coopera- 
tion of the Research and Development 
Office of the War Production Board. 
There is still much to be done in this 
as well as in improved safety processes, 
and in many other topics that ought to 
become integral processes of all of our 
industries. 

We cannot take the space here to 
point out the types of organizations 
which may be used, but our comment 
will be limited to a few instances. One 
state institution, operating through its 
Extension Department, made use of 
some sixty centers for E.S.M.W.T. 
established in various parts of the state. 
These were University Extension cen- 
ters applied to the E.S.M.W.T. activi- 
ties in a great industrial state. An- 
other institution, operating through a 
faculty committee, made an intensive 
survey of its state to determine the 
needs of various regions therein and 
the proper locations of training centers. 
It found it serviceable to establish cer- 
tain centers staffed by full-time em- 





ee nee 


A Sil OE Ae PB, 


fies 


EE ER SOS et A IAB oa 


Sasi cece tenet 





336 WAR PROJECT CALLED E.S.M.W.T. 


ployees, while other locations in the 
same state could be served by part- 
time employees. Specialists drawn 


from the college faculties were thus on ° 


call to visit any center to advise on 
matters of course content and course 
operation. This system covered a 
region of great magnitude in a rapidly 
growing industrial area. In another 
state many new large industrial estab- 
lishments grew up quite distantly lo- 
cated with respect to each other, and 
it was here necessary to organize train- 
ing centers at each industry. In some 
cases, space was provided by the in- 
dustry, but more often the local high 
school or civic association provided 
classroom space. Then the sponsoring 
college organized an appropriate teach- 
ing staff among the college graduates 
employed by that industry and ap- 
pointed one of them as the supervisor 
for that region. Some of the difficul- 
ties observed under these various con- 
ditions were the lack of laboratory and 
lecture room demonstration equipment 
and the difficulty of close supervision 
of the work by the university faculties. 

In some sections of the country prob- 
lems developed due to several universi- 
ties operating within the same limited 
geographical area. In such cases di- 
rect competition between these institu- 
tions may arise in their endeavor to 
serve the industries in that area, but 
difficulties that arise from competition 
that becomes disadvantageous may be 
easily overcome by mutual planning 
arrangements, as, for instance, by the 
appointment of a coordinator chosen 
by the interested institutions. 


Part III. Fina 


To make the most of these potentially 
important, fruitful situations referred 
to in Part II, a thorough attitude of 
cooperation between the engineering 


schools (and also other colleges) 
amongst themselves is of the greatest 
desirability; and every effort should 
be made by the colleges to secure the 
cooperation of the industries within 
their areas of influence. A_ brief 
resumé article of this kind cannot go 
into details, but we urge that the con- 
sideration and establishment of such 
cooperation for the purpose concerned 
is of great importance to the nation’s 
welfare. This nation is deeply depend- 
ent for the national welfare upon both 
the agriculture and the industries, and 
the engineering schools have an im 
portant responsibility for using every 
appropriate effort for bettering the 
status of the industries. The S.P.EE, 
through an-appropriate committee or 
division, could become a large influ 
ence for good by outlining the measures 
for meeting these important needs. It 
is possible that the post-war develop- 
ment of technical institutes and junior 
colleges which touch the engineering 
field ought to be brought within the 
scope considered by such a committee 
or division. It is our opinion that if 
money is made appropriately available 
by the states, the industries and private 
donors, this project may become a 
great educational project for the wel 
fare of the nation, while adding definite 
strength to the engineering schools for 
carrying on within their normal fields. 


CoMMENT BY COMMISSIONER 
STUDEBAKER 


The foregoing article by Professors 
Dugald C. Jackson and Frank D. Car- 
vin dealing with the E.S.M.W.T. pro- 
gram prompts me to make a brief com- 
ment. The E.S.M.W.T. plan of 
operation put to the test a basic con- 
cept of Federal-State relations in the 
field of education. That plan placed 


major responsibility on the participat- 
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ing colleges and universities, and re- 
duced Federal direction and super- 
vision to a minimum consistent with 
assuring conformity with law and ef- 
fectiveness of results. 

As the program approached its end, 
I was anxious to have made a wholly 
objective but yet exacting examination 
of the program in order to reveal 
whether or not the plan of operation 
was sound. I was delighted when the 
two distinguished educators accepted 
our invitation to make such an ex- 
amination. Their standing in the pro- 
fession was a guarantee of objectivity. 

They were asked to be critical. I 
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did not wish weaknesses in the pro- 
gram to be glossed over. When their 
report was submitted, I felt reassured. 
It was obviously a comprehensive 
study, made with characteristic engi- 
neering thoroughness, and showed that 
the participating institutions have car- 
ried on their courses with honesty of 
purpose, commendable flexibility, and 
great helpfulness to industry. I am 
glad of this opportunity to express my 
deep appreciation of the excellent re- 
port made by Professors Jackson and 
Carvin. 
J. W. StuDEBAKER, 


Commissioner. 
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Report on Humanistic Social Studies in 
Engineering Education 


INTRODUCTION by H. P. HAMMOND 


Chairman, Division of Humanistic-Social Studies 


The report which follows is one of a 
series of articles dealing with human- 
istic-social studies in engineering edu- 
cation that are appearing in the Jour- 
NAL OF ENGINEERING EpucaTION dur- 
ing the present year. Other papers 
comprising the series and their months 
of publication are: 


October, 1945, “Can Humanistic- 
Social Study Be Made Engineer- 
ing Education” by Elliott Dunlap 
Smith. 

November, 1945, “English and the 
Humanistic-Social Division” by 
Karl O. Thompson. 

December, 1945, “The Functions of 
History in the Engineering Cur- 
riculum” by Stuart W. Chapman. 


These articles were originally sched- 
uled for presentation at a general ses- 
sion to be sponsored by the Division on 
Humanistic-Social Studies at the an- 
nual convention of 1945. 

As stated by the authors’ introduc- 
tion, the Boarts-Hodges report is based 
upon visits to eight institutions which 
either exemplify various types of or- 
ganization of humanistic-social studies 
or possess distinctive characteristics. 
The result is a composite view of meth- 
ods and subject matter of varied types 
and objectives. The authors’ report is 
condensed from a large volume of col- 


lected materials and notes on inter- 
views with teachers and administrative 
officers. It is unfortunate that a great 
deal more of these collected materials 
cannot be published. The present 
author has found study of them not 
only interesting but of particular serv- 
ice in a study of humanistic-social stud- 
ies currently in progress in his own in- 
stitution. 

The present report and the papers 
that have preceded it are sponsored by 
the Society’s recently organized Divi- 
sion on Humanistic-Social Studies. 
The organization of this Division was 
recommended in the Report on Aims 
and Scope of Engineering Curricula in 
1940 and the Report of the Committee 
on Engineering Education after the 
War in 1944. It was authorized by the 
Council at the annual meeting of 1944. 
At present the section comprises 
merely an Executive Committee. Since 
the Division is concerned neither with 
a particular curriculum nor a single 
division of subject matter, at present 
it has no nucleus of members. Mem- 
bership is open, however, to all mem- 
bers of the Society who have an interest 
in this field. It is hoped that teachers 
of subjects comprising the humanistic- 
social curriculum stem, teachers .of 
other divisions of the curriculum, and 
administrative officers will signify in- 
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tention of becoming members of the 
Section. An opportunity to do so will 
be extended through Soeiety channels 
and it is hoped that a general session 
or divisional meeting such as the one 
projected for 1945 can be held at the 
annual convention of 1946. 

The Division is concerned with prob- 
lems of subject matter, organization of 
courses of study, and the integration 
of such courses into a stem of the cur- 
riculum. It is intended also that the 
Division shall sponsor the presentation 
and discussion of views and. results of 


experiments in this field. In short, it 
is hoped that the Division can serve a 
purpose with relation to Humanistic- 
Social studies analogous to the pur- 
poses served by the divisions of the 
Society that deal with curricula. It is 
not the intent that the new division 
shall replace or absorb any existing 
division, such as the Division on Eng- 
lish, but that it shall supplement the 
work of those divisions in relation, par- 
ticularly, to the coordination of such 
materials as comprise the entire field. 


The Characteristics of the Humanistic-Social Studies 
in Engineering Education: A Report 


By ROBERT M. BOARTS* AND JOHN C. HODGES * 


PART A 


The Society for the Promotion of 
Engineering Education has, through 
the years, been increasingly conscious 
of the importance of the non-technical 
segment of the engineer’s education. 
The 1940 Report on Aims and Scope 
of Engineering Curriculat recom- 
mended that two major divisions of 
the curriculum are to be recognized: 
the scientific-technological, and the hu- 
manistic-social. The Report of the 
Committee on Engineering Education 
after the War ¢ reaffirmed the purposes 
of engineering education as outlined in 
the earlier report and set forth the ob- 
jectives of the humanistic-social stem 
under six headings. A Division on 


* Respectively Head of the Department of 
Chemical Engineering and Head of the De- 
partment of English in the University of 
Tennessee. 

}JougNAL oF ENGINEERING EDUCATION, 
Vol. 30, no. 7, pages 555-566 (March, 1940). 

tJournaL or ENGINEERING EpUCcATION, 
Vol. 34, no. 9, pages 589-613 (May, 1944). 


Humanistic-Social Studies was organ- 
ized in the Society to encourage and to 
be a focal point for activity in this field. 
In January of 1945 the Executive 
Commitee of this Division—through 
its chairman, Dean H. P. Hammond— 
commissioned the present writers to 
visit eight schools and report to the 
Society on the charactertistics of hu- 
manistic-social studies as they are or- 
ganized in these schools. The institu- 
tions, all offering a four-year course,* 
were selected by-the Committee and 
were chosen primarily because of (1) 
the variety of plans represented in the 
handling of the non-technical portion 
of their curricula, (2) the variety of 
types of schools, and (3) geographical 
considerations in arranging the visita- 
tion tours. 
The eight schools are Carnegie In- 


* Columbia University also offers a five 
year course, with three years study in Colum- 
bia College and two years in the School of 
Engineering. 
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stitute of Technology, Case School of 
Applied Science, Columbia University, 
Cooper Union, Massachusetts Institute 
of Technology, Michigan State College, 


Polytechnic Institute of Brooklyn, and ° 


Purdue University. It will be noted 
that state and private schools are rep- 
resented ; that the schools vary greatly 
in size; and that in some schools a 
wide range of curricula may be found, 
while in others engineering and sci- 
ence are the chief programs. offered. 
In addition, the eight schools. use 
various plans for the handling of the 
humanistic-social portion of the cur- 
riculum. These may be classified as 


Plan 1. The articulated sequence of 
courses extending wholly 
through the four-year cur- 
riculum. 

Plan 2. The lower and upper divi- 
sion plan, whereby the work 
of the first two years is 
distinguished rather sharp- 
ly from the work of the 
final two years. (The ar- 
rangement of general stud- 
ies in the first two years is 
sometimes called the pre- 
engineering plan.) 

Plan 3. The plan of fixed required 
courses and rather free elec- 
tives. (This plan is in wide 
use among engineering col- 
leges at the present time, 
although many are scrutin- 
izing their programs and re- 
stricting the freedom of 
election. ) 


But the programs of the eight 
schools do not, in general, fall com- 
pletely within one of these three plans. 
Articulation of courses need not be 
prevented by a separation into lower 
and upper divisions; some electives 
are usually found desirable in every 


system; and the difference between 
Plan 1 and Plan 3 is tenuous, being 
often a matter of the allocation of re 
sponsibility for deciding the objectives 
of each course in its relationship to 
the whole curriculum. In the descrip- 
tions which follow in PART B, the 
schools are assigned to a classification 
for purposes of discussion only, and 
these classifications are made by the 
writers on the basis of present intent 
and present practice in the schools 
themselves. Because the period of 
visit for each school was very short— 
two days—there is a real danger that 
the visitors did not catch completely 
the spirit and significance of the vari- 
ous programs. If this is so, the fault 
must be attributed to a lack of acute 
ness on the part of the visitors, for each 
school gave full co-operation. 

In a world regimented by the exi- 
gencies of war, a classification system 
has often been used to set up a prior- 
ity listing. Lest anyone think that the 
plans are listed above in some order of 
efficiency or desirability, it might be 
wise to state here one of the funda- 
mental conclusions reached by the 
authors as a result of their study: 

That system is the best for any 
school which best meets the pur- 
poses and, objectives of the school, 
with due consideration of (1) the 
size and type of its student body 
and (2) the special abilities and 
temper of its faculty. 

This is not an argument for the 
status quo. ‘Most schools could profit 
from a continuous re-examination of 
these factors and an ordered change to 
a more desirable position. But the 
change must come from within—it is 
dangerous to import ready-made sys- 
tems from one school to another, just 
as it is dangerous to impose on 4 
country a government which ignores 
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the temper and culture of the people. 

In this report an examination of the 
characteristics of the humanistic-social 
program of engineering education has 
been made under the following six 
major headings: 


1. ORGANIZATION OF THE PROGRAM 


The form of the organization for 
handling the humanistic-social studies 
often gives the clue to the development 
of the program. In some cases a dean 
or director had charge of the activity ; 
sometimes a committee had the main 
power. It is possible for the faculty 
itself to maintain direct supervision 
only when the group is smali. In sev- 
eral of the schools the president took 
the leadership in guiding and stimu- 
lating the development. In general, 
department heads apparently did not 
initiate the program except with the 
active interest and support of the ex- 
ecutive officer. 

In schools in which engineering pre- 
dominated, the initiative came usually 
from the highest executive officer ; and 
the chief support came, as would be 
expected, from the engineering faculty. 
In multi-purpose universities, the ini- 
tiative and control rested usually with 
the liberal arts faculty. 

Three generalizations might be 
made: The support and some initi- 
ative must come from the faculty. 
The process of developing this sup- 
port and initiative is slow. The ex- 
ecutive officer should, in general, not 
attempt to hasten the process by fiat 
from above, but administrative lead- 
ership is essential to any successful 
plan. 


2. GENERAL OBJECTIVES OF 
THE PROGRAM 


The objectives of a program for the 
humanistic-social studies are admirably 





stated in the 1944 Report of the Com- 
mittee on Engineering Education after 
the War.* Wide acceptance of these 
objectives was found. However, in 
every school in which intense activity 
in the humanistic-social stem was un- 
der way, it was found necessary to 
re-define the general objectives in light 
of the particular situation of the school. 
This work was usually done by a com- 
mittee. So common was this redefi- 
nition of objectives that the authors 
state the following generalization with- 
out reserve: 

The formulation and acceptance of 
general objectives must be prerequi- 
site to the development of a strong 
program in any school. Failure to 
do so can mean only that the faculty 
has not come to grips with the fun- 
damental issues which confront each 
school individually. 


3. CURRICULUM 


The three general plans by which 
the humanistic-social stem of the cur- 
riculum may be organized have been 
mentioned previously. The quantita- 
tive provisions and composition of the 
curriculum at the individual schools 
are given in some detail in PART B. 
Some general features may be noted 
here. 

The Society for the Promotion of 
Engineering Education has this year 
issued a small pamphlet entitled “Aims 
and Organization.” In this pamphlet 
the statement is made—the words are 
by President H. S. Rogers—that we 
have now completed “three definitive 
eras in the evolution of engineering 
education” and that “we are now on 
the threshold of a fourth era in which 
there is a growing professional con- 
sciousness among engineers and in 


*JoURNAL OF ENGINEERING EDUCATION, 
Vol. 34, no. 9, page 593 (May, 1944). 
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which unity of action is necessary for 
the public and professional welfare.” 
Professional consciousness of public 
welfare is social consciousness. Such 


regard for social evolution is a natural. 


result of the development of our. mod- 
ern civilization and its flowering in the 
engineer’s performance of his profes- 
sion. For that proper performance, 
the engineering instructor cannot es- 
cape his share of responsibility. This 
point will be revived later. The his- 
torical approach has been too often 
neglected in the curriculum of the en- 
gineer, where the latest equation quite 
often supersedes all of its predecessors. 
A feature of many of the programs 
studied in this report is the return to 
history as a means of laying the frame- 
work for the social studies that enter 
into a professional consciousness. 
In programs in which social con- 
sciousness is set forth as one of the 
objectives of the engineer’s educa- 
tion, the study of history as a social 
science has been found advisable. 
In any discussion of the place of the 
humanistic-social studies in the engi- 
neer’s curriculum, the figure “20 per 
cent” is sooner or later introduced. 
This figure, an estimate of the mini- 
mum amount of the student’s educa- 
tional time to be spent on the human- 
istic-social stem, is found in the 1944 
Report.* Probably no other feature 
has aroused so much attention as this 
one recommendation. Elaborate sta- 
tistics have been developed to prove 
that most schools are now devoting 
sufficient time to the humanistic-social 
stem and, ergo, can rest from their 
labors. The figure “20 per cent” has 
been clothed with such sanctity that a 
temptation exists in some schools to 
bolster their score by a simple re- 


* Loc. cit., p. 594. 


definition of borderline subject courses 
to place them on the humanistic-social 
stem. 

On the basis of the programs stud- 
ied,, the authors believe that the 2) 
per cent figure is only a useful guide 
for those embarking on a revision of 
their curriculum. The whole topic is 
resolved quite simply. There is no 
magic in any predetermined allot- 
ment of time for the humanistic-so- 
cial activity. The objectives set by 
each school and the means available 
will dictate inexorably what is 
needed to achieve the program 
sought; thus, a definition of a par- 
ticular course as a member of a cer- 
tain category is of small importance, 


4. SpEciIFIC OBJECTIVES OF THE 
CurRICULUM COMPONENTS 


It is obvious that if the objectives of 
an overall plan are set, the objectives 
of the courses and groups of courses 
must develop and implement the plan. 
Co-operation in organizing and co-or- 
dinating courses in engineering has 
long been the usual procedure, but a 
concern for the relationship between 
technical and non-technical courses has 
not been so much in evidence. 

Who should formulate the objectives 
for the specific courses in the human- 
istic-social studies? A quick answer 
would be, the staff who gives the 
course; for, if they do not accept the 
objectives set, the rest is futile: Yet 
the staff of each course must receive the 
student from the preceding course and 
prepare him for the next course. Thus, 
the objectives of any course are parti- 
ally determined by forces not directly 
controlled by the teaching depart- 
ment. Furthermore, any articulation 
of courses demands co-operation of 
means and objectives. 

Of the several schools that explored 
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this matter of co-ordinating courses, 
the Carnegie Institute of Technology 
probably undertook the most extensive 
study. Carnegie Tech. carefully ex- 
amined its courses in engineering, in 
the basic sciences, and in the human- 
istic-social stem, attempting to deter- 
mine what each course needed from 
the one below and was prepared to pass 
on to the one above. A rather large 
committee of liberal arts, science, and 
engineering personnel reconciled differ- 
ences in viewpoint and kept the overall 
objectives in focus. With that over- 
view, the individual departments did 
not seem to have difficulty in arriving 
at mutually satisfactory objectives. 

For those who might fear that such 
a procedure is an infringement on the 
academic freedom of an instructor or 
staff, it might be well to point out that 
an opposing danger looks the more 
formidable. In the schools visited, 
only one case was noted where the 
engineering staff had imposed its will 
on the humanistic-social staff. The 
course that resulted did not seem to 
be highly regarded by either group. 

The greater danger—as proved by the 
experience of several schools—lies in 
the tendency of the engineering staff to 
allot certain hours to the non-technical 
work and then to ignore it, except for 
periodical outbursts which serve only 
to confuse the objectives of the courses. 
The liberal arts instructor should be 
regarded as an expert—which he is— 
but he should also be regarded as an 
active link in the chain of purposeful 
education. 

Full and clear course objectives were 
found at several schools. From evi- 
dence observed, two generalizations 
may be formulated : Those in charge 
of service and elementary courses 
have been dilatory in acquainting 
their colleagues in other divisions 


‘ 


with the purposes, scope, and ac- 
complishments of their several 
courses. The engineering staffs 
have been dilatory in not keeping 
better informed on the work of the 
service divisions, in not making full 
use of the skills already developed 
in the student, and in not promoting 
a better mutual effectiveness by con- 
ference or otherwise. 


5. Metuops oF INSTRUCTION 


In the eight schools visited, empha- 
sis is placed on discussion classes 
rather than on the lecture. This dis- 
cussion method of instruction gives the 
student much practice in the use of in- 
ductive analysis, or the art of reason- 
ing from specific data to the general 
conclusion. Such practice is particu- 
larly needed because the engineering 
courses are based primarily on deduc- 
tive analysis. It is fortunate that the 
humanistic-social stem offers such a 
fine counterbalance of logical method. 

The conference method has been 
used to some extent where classes 
could be kept small. Since the hu- 
manistic studies, in contrast with en- 
gineering, become increasingly more 
abstract through the four years, the 
conference method has been very suc- 
cessful in such courses as the senior 
seminar in philosophy at Cooper 
Union. 

An important by-product of the shift 
of emphasis from lecture to discussion 
is the opportunity to assess the stu- 
dent’s contribution more accurately. 
The result has been a gratifying in- 
crease in student effort. The engineer 
has seldom questioned the validity or 
worth of the subject matter of liberal 
courses, but he has often questioned the 
effectiveness of courses which require 
little work of the student. To com- 
mand the respect of engineering in- 
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structors, humanistic-social courses 
must demand of the student a mini- 
mum level of achievement compar- 
able to that of the technical courses. 


6. TEACHER SELECTION AND 
TRAINING 


Increasingly, the faculties of colleges 
and universities are insisting that 
courses intended for the liberal educa- 
tion of the student should be designed 
with that object in view. Too often an 
elementary course taken by all stu- 
dents is primarily a beginning course 
for majors in that field. And too often 
these courses limit themselves to a 
specialized field of subject matter. As 
a result, survey courses have been in- 
stituted—but these have their own 
shortcomings. Where broad courses 
were found in the schools visited, it 
was generally insisted that these 
courses were not of the survey type. 
The aim was entirely toward the teach- 
ing of principles, with a restriction of 
subject matter to accomplish that 
purpose. 

To find qualified teachers for these 
broad courses is difficult. The gradu- 
ate schools turn themselves toward 
specialization. At the same time it be- 
comes evident, from a few tentative 
trials, that the teaching of these broad 
fields is no job for amateurs. At- 
tempts to use composite faculties, in- 
cluding engineers, for general courses 
are usually unsatisfactory. 

Since intensive departmentalization 
tends to cut off free communication be- 
tween adjacent specialized fields, some 
of the technical schools have begun by 
fusing its entire humanistic-social staff. 
In one school, Michigan State College, 
new departments for the basic courses 
have been established separately from 
the professional departments. 

Whatever the means used to break 


the walls between departments, the 
staff problem is still paramount. One 
school, Carnegie Tech., has given fi- 
nanical help to selected staff members 
so that they can take summer school 
courses in fields outside of their speci- 
ality. Another school, Columbia, has 
a well defined plan of initiation and de- 
velopment for the young instructor go- 
ing into its course in contemporary 
civilization. 

Several of the administrators of these 
broad courses have found a solution 
by hiring young instructors with the 
master’s degree and then providing 
them with the opportunity and incen- 
tive to continue their graduate work on 
a broader basis. The problem of a 
broad education for the instructor is 
now before many colleges and universi- 
ties. Possibly a partial answer may be 
found by the establishment of divi- 
sional, rather than departmental, doc- 
torates in the graduate schools. 


TuHeE LIBERAL VALUE OF TECHNICAL 
CourRSES 


Probably every engineering instruc- 
tor believes that his course contains 
elements of liberal value far beyond 
the purely technical aspects, and that 
he joins his humanistic-social col- 
leagues in being a guardian and pro- 
fessor of the eternal verifies. This is 
undoubtedly true. Every course can 
be taught liberally or narrowly. 

What attempt is being made to de- 
velop the general, or liberal, values of 
scientific and technical courses? This 
question, originally on the program of 
this study, could not be answered in 
the short period allotted to each school. 
The limited time did not permit exten- 
sive interviews both with non-technical 
and with technical staff members. But 
the answer to the question is funda- 
mental to engineering education. No 
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one was found in the schools visited 
who would claim that approximately 
one fifth of a curriculum devoted to 
humanistic-social studies would, in it- 
self, create the educated man. (It 
would be difficult to make that claim 
for any course of study.) Yet it is 
the hope that the student finishing the 
engineering curriculum will leave the 
school prepared to take his place in a 
free society and that he will be sus- 
ceptible to the liberalizing effect of con- 
tinuing study. 

To bring this hope to fruition, the 
technical staff have the major respon- 
sibility. The engineering graduate is 
their product. They can help meet 
their responsibility (1) by vigorous 
support of the work of the humanistic- 
social staff, (2) by free discussion of 
civic and professional responsibility, 
and (3) by the teaching of all technical 
subjects in a way to bring out their 
inherent liberal values. The first of 
these is largely a matter of attitude on 
the part of the technical staff. The 
second, fortunately, is already being 
studied by several groups of engi- 
neers.* But the third has received too 
little attention. Examples of success- 
ful means for developing the broader 
aspects of technical courses should be 
made available for the guidance of the 
engineering teaching profession. 


How Can THE AIM OF LIBERALIZING 
TECHNICAL EDUCATION BE BEST 
ACHIEVED? 


Of the schools studied, Carnegie” 


Tech. and Cooper Union have endeav- 
ored, more than most schools, to or- 
ganize their courses sequentially. Car- 
negie Tech’s. courses lean toward the 
social studies; Cooper Union’s toward 
the humanities. The economy of 


*As, for instance, the Engineers’ Civic 
Responsibilities Committee of the A.S.M.E. 


means and the careful correlation of 
the program at Carnegie Tech. are out- 
standing. At Cooper Union, the co- 
ordination of the course work with the 
artistic facilities of New York and the 
cultural aspects of the Green Engineer- 
ing Camp are well worth extended 
study. 

Two schools, Columbia and Michi- 
gan State College, have adopted the 
pre-engineering plan. Both are multi- 
purpose universities, and the human- 
istic-social features of their curricula 
are available to all students. Both 
modify the program slightly by having 
one course scheduled in the junior year. 
At Columbia, the course in contem- 
porary civilization has had a long and 
time-tested effectiveness. At Michi- 
gan State a course in biological sci- 
ences introduces a somewhat different 
note in engineering curricula. The 
pre-engineering plan has a special ad- 
vantage : it makes possible the graceful 
discouragement of the inept engineer- 
ing student before he is fully com- 
mitted. 

Massachusetts Institute of Technol- 
ogy and Purdue, large schools devoted 
primarily to engineering, follow a plan 
that requires certain courses but allows 
rather free electives. Both schools 
have excellent facilities. At M.LT., 
special emphasis is given to the course 
on the United States in World His- 
tory, which has a cosmopolitan breadth. 
At Purdue, the details of the program 
had not been fixed at the time of the 
visit, but English composition has been 
stressed. 

Case and the Polytechnic Institute of 
Brooklyn are medium sized schools, al- 
though the evening enrollment at 
Brooklyn Polytechnic is extensive. 
Both have the required course and 
elective plan. Both have the advan- 
tage of the facilities of a large city, 
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and Case particularly has made an ex- 
cellent use of the cultural institutions 
surrounding it. Brooklyn Polytechnic 
has long maintained an exacting and 


comprehensive program in English - 


which 
courses. 

It is impossible here to discuss ade- 
quately the various methods used by 
different schools to promote the liberal- 
izing of technical education. As a mat- 
ter of fact, however, a detailed discus- 
sion would probably fail to get at the 
core of the matter. 

But even at the risk of being trite 
and oracular, this report must set down 
an answer to the question, “How can 
the liberalizing of technical education 
be best achieved?” Discussion with 
presidents, deans, directors, and in- 
structors; observations of the working 
of programs in the schools visited ; and 
finally, simply logic itself—all give this 
inescapable answer: Technical edu- 
cation can best be liberalized by en- 
couraging individual faculty mem- 
bers to achieve a broad and liberal 
viewpoint and to reflect that view- 
point in their teaching. 


is fundamental to all other 


PART B 


The second part of this report at- 
tempts a brief description, often in the 
school’s own words, of the humanistic- 
social stem of instruction in the cur- 
riculum of each school visited. Each 
description includes an enumeration of 
required courses, with comments on 
any unusual features. The position of 
the courses in the four-year curriculum 
is noted. Schools are listed alphabeti- 
cally. 


THE CARNEGIE INSTITUTE OF 
TECHNOLOGY 


The Carnegie Tech. plan is called 
the Social Relations Program. The 


keynote of the plan is a careful inte. 
gration of each course into the overall 
objectives. The Social Relations Pro. 
gram is designed to teach the student 
how to apply engineering orderliness 
and thoroughness to the problem of 
dealing with people and with human 
institutions. Esthetic objectives also 
are stated. The courses are organized 
to give the student unremitting prac- 
tice in handling problems for which the 
data cannot be resolved by formal or 
scientific procedures. The working 
out of the articulated sequence is a 
masterpiece of sustained effort and 
thought on the part of the staff and its 
consultant, Elliott Dunlap Smith. It 
is to be hoped that Carnegie Tech’s. 
procedures will be published for the in- 
formation of other schools. 

The courses required in the first year 
are English Composition (2 hrs. each 
semester) and a history course called 
the Origins and Development of the 
Technological Age (3 hrs. each se- 
mester). The latter course is described 
as an historical study of the rise of 
Western, especially American, civiliza- 
tion and the part played by technology 
therein, so conducted as to give prac- 
tice in securing, appraising, organizing, 
and using evidence in inductive think- 
ing. 

In the second year, a continuation 
of the Origins course (3 hrs., first 
semester) prepares the student for 
Economic Analysis of Social Problems 
(3 hrs., second semester). Another 
two-hour course in English Composi- 
tion is also scheduled for one semester 
in this year. 

In the third year a course in Human 
Relations in Industry (3 hrs., first 
semester) is (1) a study of the ele- 
mentary generalizations of psychology 
and (2) practice in using these gen- 
eralizations as a central factor in ana- 
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lyzing typical problems of working 
with others. The second semester 
course (3 hrs.) is devoted to: English 
Literature, aithough an approved 
course in art or music may be sub- 
stituted. 

The fourth year is devoted to a 
two-semester sequence of courses de- 
signed to carry a single field of study 
in the humanities or the social sci- 
ences to a more advanced stage. Sev- 
eral fields are available for election. 
These courses may be operated on the 
conference basis. They are each the 
equivalent of a three-hour course. 


Case ScHooL oF APPLIED SCIENCE 


Case operates with the plan of re- 
quired courses and electives. The pro- 
gram is not uniform for all major 
curricula. For instance, the chemists 
and chemical engineers take German 
instead of history. In addition, a sen- 
ior business option, taken by about one- 
fourth of the students, substitutes 
business administration courses for the 
non-technical electives. 

In the first year, courses are re- 
quired in Speaking and Writing (3 
hrs., first semester) and in Reading 
and Writing (3 hrs., second semester). 
In the second year a course in Types of 
Literature (3 hrs., first semester) is fol- 
lowed by Technical Exposition (3 hrs., 
second semester). A three-hour course 
in political history extending through- 
out the second year is required of all 
except chemists and chemical engi- 
neers. 

The third year course (3 hrs. each 
semester) is in economics. In the 
fourth year, two three-hour semester 
courses are required (for an exception, 
see above), and these courses may ex- 
tend over a wider range than is nor- 
mally included in the humanistic-social 
stem. The definition under which the 


elective is chosen is that it shall be 
“non-functional in the profession of the 
engineer.” 

Case has an excellent program for 
encouragement of student participation 
in cultural activities. These are not 
placed on a credit basis, but are often 
woven into the structure of the courses. 
The Case Speakers’ Bureau (student), 
the use of the musical recordings li- 
brary, and the co-operation with the 
civic symphony orchestra, with the art 
museum, and with the municipal play- 
house—all these are a vital part of the 
program for humane education at Case. 


CoLUMBIA UNIVERSITY 


Columbia University is attacking the 
problem of the engineer’s understand- 
ing of the humanities and the social 
sciences through a modified pre-engi- 
neering curriculum. The first two 
years of engineering (and other cur- 
ricula) are spent in Columbia College. 

The history of the program is quite 
long. From a war course in 1918 grew 
a first course in Contemporary Civili- 
zation in 1920. This has had continuous 
growth and revision. In 1929, a sec- 
ond year course (chiefly economics and 
political science) was added. From a 
course in the great books started by 
John Erskine in Columbia College, was 
developed a course called Humanities 
A and B, which was placed in the en- 
gineering curriculum in 1937. These | 
three courses form the backbone of 
liberal education in the entire Univer- 
sity. A small tutorial course in Eng- 
lish composition is set in the freshman 
year primarily to detect those who 
need remedial work. The Engineering 
School follows these four courses with 
a course in the fourth year in special- 
ized economics or government to meet 
the needs of each engineering option. 

To recapitulate and summarize: In 
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the first year Contemporary Civiliza- 
tion, historical in nature, is taught four 
hours each semester. Conferences on 
English composition are allowed a one- 
hour credit in the first semester. In. 
the second year, Humanities A and B 
(great books) occupy four hours each 
semester. Also in the second year a 
half-hour credit in English is allowed 
each semester for work requiring the 
use of the library. 

In the third year, the Contemporary 
Civilization course devotes four hours 
in the first semester primarily to eco- 
nomic considerations and four hours 
in the second semester to political in- 
stitutions. For the entire fourth year, 
each major curriculum specifies a three 
hour course, generally in applied eco- 
nomics or government, and often 
taught within the engineering staff. 

Integration of the humanistic-social 
studies with the engineering teaching 
is encouraged by frequent conferences 
between the engineering and the liberal 
arts staffs, and by discussions in de- 
partmental meetings. 


Cooper UNION 


Cooper Union has planned its hu- 
manistic-social program on a com- 
pletely articulated basis. No electives 
are offered. The program has de- 
veloped to meet the objectives set up 
in a report prepared by the staff on 
the qualities and skills desired in the 
Cooper Union graduate. It is to be 
hoped that this report will be published. 

A single humanities staff permits a 
flexibility and unity of action that is 
sometimes lacking at other institutions. 
The courses are all interrelated in con- 
tent and method, and the esthetic fac- 
tors are presented in many ways with 
the help of the fine museums available. 

The student devotes attention the 
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first year to two fields: English Com 


position (2 hrs. each semester) and an 
Introduction to the History of Man 
(2 hrs. each semester). In the second 
course the student works historically 
with the significant trends of thought 
and culture of the early period of our 
civilization. In the second year, the 
History of Man ( 3 hrs. each semes- 
ter) continues the historical develop- 
ment down to recent times. This ex- 
tended work in history attempts to 
give each student some background of 
general history and some familiarity 
with books and other works of art and 
science which have been driving forces 
socially or sources of intense personal 
satisfaction. 

In the third year, the undergraduate 
studies the social sciences (3 hrs. each 
semester), with particular emphasis 
on the economic theories and institu- 
tions that govern mankind’s behavior 
in this realm of human activity. The 
earlier work in history provides a 
foundation for proper evaluation of 
current socio-economic phenomena; 
and, from a study of these, the student 
should be better prepared not only for 
citizenship in the broad sense but also 
for analysis of the more specific en- 
gineering economics which he studies 
elsewhere. 

In the fourth year, the student takes 
a course in public speaking (1 hr. each 
semester). He also participates in one 
of the colloquia in Social Philosophy— 
small discussion groups in which are 
read some of the thought provoking 
books of classic dimensions. These 
colloquia are held in a specially stocked 
discussion room in the library for one 
two-hour period weekly throughout the 
year. 

In addition to these formal courses, 
a well designed program of humane 
studies has been arranged to supple- 
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ment the technical work of the Green 
Engineering Camp. 


MASSACHUSETTS INSTITUTE OF 
TECH NOLOGY 


The Massachusetts Institute of 
Technology has planned its program 
for the humanistic-social studies around 
agroup of required courses and a num- 
ber of electives. There is some flexi- 
bility of requirement and some flexibil- 
ity within one course (English) for 
students whose preparation warrants 
the change. 

The work of the first year is devoted 
to English (3 hrs. each semester), with 
special emphasis on logical thinking 
and on written and oral expression. 
It is not expected that the same course 
will be given to all students. Those 
who are ready for fairly advanced work 
in composition have an opportunity to 
improve their skill, especially in deal- 
ing with scientific and technical ma- 
terials. 

In the second year, all students take 
an introductory course (3 hrs. each 
semester) in modern history, with 
special reference to the place of the 
United States in world affairs. Stu- 
dents who have had substantial train- 
ing in American history are allowed to 
take a course in the general history of 
civilization. In any case the work of 
the second year serves as an introduc- 
tion to historical method and historical 
thinking. 

In the third year, all undergraduates 
devote the first semester (3 hrs.) to 
economic principles. The case system 
is used in the study of certain business 
problems, and practical problems are 
integrated with economic analysis. 
During the second semester the stu- 
dent must take a three-hour course in 
psychology, in labor relations, or in in- 
dustrial economics. 


In the fourth year, the student 
chooses one of four options: (a) His- 
tory of Science and Thought; (b) Fine 
Arts; (c) Introduction to Literature ; 


or (d) International Relations. Each 
course meets three hours weekly 
throughout the year. Some depart- 


ments require proficiency in foreign 
languages. This requirement is han- 
died in various ways, depending on the 
department. 

In addition to the four-year pro- 
gram outlined above and to the work 
offered in modern languages, many 
optional non-credit courses in the hu- 
manities and in the social sciences are 
made available to groups of students 
who desire additional instruction of this 


type. 
MIcHIGAN STATE COLLEGE 


Michigan State, a multi-purpose uni- 
versity, last year adopted for all stu- 
dents a two-year program called the 
“Basic College.” Seven core courses 
were established, each a three-hour 
course extending throughout one year. 
The courses are Written and Spoken 
English, Social Science, Biological Sci- 
ence, History of Civilization, Litera- 
ture and Fine Arts, Physical Science, 
and Effective Living. Five of these 
seven courses are required of each stu- 
dent during the first two years. The 
Engineering College requires the first 
five mentioned, and has scheduled the 
fifth course, Literature and Fine Arts, 
in the third year—a year later than 
provided by the regular program of the 
Basic College. ! 

Other features are incorporated in 
the new plan. Grades are given by 
comprehensive examinations set by a 
Board of Examiners. A staff of coun- 
selors, one for each hundred students, 
devotes half time to this activity. Two- 
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year terminal curricula have been es- 
tablished. 
In order to keep each course co- 


hesive and unified and to prevent domi-— 


nation by professional departments, a 
separate set of departments (with lab- 
oratories) has been established for the 
Basic College. About half of the staff 
members in these special departments 
hold membership also in the profes- 
sional departments. Promotions on 
the staff of the Basic College are made 
primarily on factors other than re- 
search. 

The courses, some of which are still 
being developed, are being designed to 
search out and teach the principles 
which underlie each comprehensive 
field. They are not survey courses. 


PoLyTECHNIC INSTITUTE 
OF BROOKLYN 


Brooklyn Polytechnic operates under 
the required course and elective plan. 
The plan has been in operation for 
over twenty years and is being modi- 
fied slightly this fall. The courses 
listed here are the humanistic-social 
courses in the new curriculum. 

In the first year, English composi- 
tion is required three hours weekly 
throughout the year. This course op- 
erates with a large amount of individ- 
ual conferences for each student. In 
the second semester, American Gov- 
ernment and Politics is scheduled for 
three hours per week. 

The second-year courses are’ Litera- 
ture (2 hrs. each semester) and Euro- 
pean History (3 hrs. each semester). 
The history continues into the third 
year with Modern European History 
(2 hrs., first semester). A two-hour 
course in economics extends through- 
out the third year. 

The fourth year requires an English 
course in technical writing (1 hr. each 


semester) to supplement and aid the 
thesis project. The only elective in 
the humanistic-social stem is a two- 
hour option extending over the senior 
year. However, a foreign language 
must be taken in place of the history 
and government courses unless two 
units of language are offered for en- 
trance. 


PurDUE UNIVERSITY 


At present, the curriculum of each 
of the schools at Purdue is individual 
in nature. A typical listing of the 
humanistic-social courses required can- 
not be made until changes in the cur- 
ricula, now under way, are effected. 

English Composition (3 hrs.) is re- 
quired in the first semester of the first 
year. In the second semester, each 
student must elect one of the follow- 
ing courses: (a) Informal Essay, (b) 
Introduction to the Drama, or (c) In- 
troduction to Fiction. Speech is re- 
quired in some curricula. A _ special 
feature of the English program at 
Purdue is the work of the Committee 
on Standards in English. This com- 
mittee checks the written work of jun- 
iors and seniors and then provides all 
deficient students with tutorial assis- 
tance and, if necessary, with a con- 
credit course in English composition. 

Approximately twenty semester 
hours of non-technical courses are re- 
quired in most curricula. Economies 
is usually specified, and psychology is 
often elected. 
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Transcript — Document OR! 


By JOSEPH P. VIDOSIC 


Associate Professor of Drawing and Mechanics, Georgia School of Technology 


_One of the principal instruments of 
selection to many a Service school has 
been the university transcript. 

As Director of the Army Air Forces 
Engineering School I had the occasion 
to inspect carefully thousands of trans- 
cripts from hundreds of engineering 
schools throughout the country. The 
task of evaluating these “records” was 
much heavier because of the unbusi- 
nesslike form of too many transcripts. 
And yet this document records the im- 
portant beginning years of a profes- 
sional career. 

Many of the grading systems, num- 
ber notations and subject titles are 
unique in the sense that they are con- 
fusing rather than revealing. Some- 
times the personal data are not clearly 
given. Receipt and title of the degree 
are not always shown. The record is 
never complete because it omits the 
student’s important extracurricular ex- 
perience. In some instances the insti- 
tute’s name is obscured or even omit- 
ted. And hand additions are seldom 
easy to read. 

Now, why such a poor tabulation? 
It seems that it has never been con- 
sidered important enough to warrant 
careful preparation. Though not as 
decorative or even as desirable at times 
as the much valued sheepskin it could 
be made very useful to the graduate in 
his post-school days. But to make it 
this, the unsatisfactory conditions point- 


ed out above must be eliminated. 

Let us therefore investigate some of 
the details that might help to improve 
the transcript. Its simplification and 
standardization might well be made a 
project of the S.P.E.E. 

First of all, every bit of information 
should be printed or typed. Except 
for the signature, handwriting should 
be eliminated. 

The transcript should contain the 
following sections. 

1. Name of university, college or 

institute. 

. Personal data. 

. Academic record. 

. Extracurricular record. 

. Statement of completion. 
. Official signature and seal. 

The exact name of the school along 
with its location should appear at the 
head of the form. Following should 
come the personal data consisting of 
the student’s full name, the date and 
place of his birth and the high or prep 
school from which he gained admis- 
sion. 

The academic record should be in- 
formative and complete. The subject 
nomenclature requires both a symbol 
and a title. The symbol should include 
the department identification while the 
title need be descriptive of the subject 
matter covered. It is needless to point 
out that much standardization could be 
applied here. Another bit of important 
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data that ought to be tabulated is the 
number of hours assigned to each sub- 
ject, either per week or per semester. 
Finally of course the grade must be 
given. Here again much is desirable 
in the‘ way of a uniform system of 
grades. A universally applied profici- 
ency notation would probably simplify 
the interpretation of transcripts more 
than any other single improvement. 
Where a subject is repeated both grades 
must be clearly indicated. Groupings 
according to semester and year should 
be maintained. 

The major extracurricular activities 
participated in by the student should be 
listed following the academic tabula- 
tion. The adjective major is intended 
to include all activities that offer ex- 
perience of value to participants. The 
activity, the highest position occupied 
and the years during which active par- 
ticipation was undertaken should com- 
prise this information. Any scholar- 
ship or fellowship earned by the student 
should appear in this section, as well as 
all awards won and honorary societies 
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elected to. Where applicable, a state- 
ment indicating the extent to which a 
student worked his way through could 
properly end this section. 

The statement of completion must 
list the exact title of the degree award- 
ed. The class standing along with the 
number of graduates would provide a 
valuable piece of concluding informa- 
tion. 

The transcript should now be auth- 
enticated. A school official’s signature 
as well as the university seal is needed 
to correctly accomplish this. 

' A short investigation will reveal that 

actually the new form contains little 
more than the average transcript of 
today. However what is proposed is 
a systematization that would make the 
transcript a readable and useful docu- 
ment. Personnel managers, profes- 
sional boards, government agencies and 
other organizations that may be in 
need of an applicant’s college record 
could then review it with ease and 
confidence. 








Some Principles of Curriculum Making 


By L. O. STEWART 
Professor and Head, Dept. of Civil Engineering, Iowa State College 


Over the years there has been an 
abundance of information and discus- 
sion about the contents of engineering 
curricula. Yet when one sets out to 
build or revise his curriculum in what 
he would like to think is a scientific 
or rational manner he finds a dearth 
of material that refers specifically to 
the principles that should be applied or 
to the techniques that should be used. 
There are useful suggestions in the re- 
ports of committees of the Society for 
the Promotion of Engineering Educa- 
tion and of the various professional 
societies which divide the subject mat- 
ter into several areas or groups and 
specify the percentage of the total cur- 
riculum time that should be spent on 
each of these areas. That is good as 
far as it goes. It provides a broad 
pattern of distribution. But more 
specificity is needed when one begins 
the actual curriculum construction, that 
is, the selection of the courses and the 
determination of the nature and amount 
of their contents. It is this feeling of 
need that impels the writer to set down 
some of his thoughts on this matter. 
Perhaps these suggestions will be help- 
ful to others who are now trying to 
make curriculums that will serve post- 
war needs, curriculums that will do 
more than Topsy did, that is, “just 
grow.” 

Before proceeding further it will be 
wise to fix clearly in our minds what 
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is meant by curriculum. The word 
will be used here to mean an organized 
group of studies or list of courses to be 
pursued by students who are seeking 
a prescribed and defined goal, usually 
the bachelor of science degree in one 
of the departments of an engineering 
college. Curriculum has a_ broader 
meaning, also; in which case it may 
properly include all of the experiences 


of the student which are provided or 


supervised by the university for the 
purpose of achieving its objectives. 
The usage in this paper will exclude 
those activities that are commonly re- 
ferred to as extra-curricular. This 
separation and restriction is imposed 
so that the discussion may be contained 
within limits that are quite clearly de- 
fined and generally known. However, 
the role of extra-curricular activities in 
the education of students is significant 
enough to warrant their inclusion in 
the planned program or total curricu- 
lum of a university. The discussion of 
that phase of curriculum making is out- 
side the scope of this paper. 

A second limitation to be imposed is 
that there will be no discussion, except 
incidentally, of teaching methods. 
Again, this omission is made so that 
the scope of this paper may be kept 
within proper bounds. It is not to say 
that the methods of teaching that will 
be used in the various courses of the 
curriculum are of lesser importance 
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than the contents and arrangement of 
the subject matter. Doubtless, one 
could debate endlessly without proving 
which is the more important. The 
method that is followed when present- 
ing material to students certainly does 
help in a large way to determine what 
they learn. Therefore, no thoughtful 
curriculum maker will ignore teaching 
methods. In the present discussion it 
will be assumed that the adequacy of 
the teaching methods will be examined 
and accepted for each of the courses 
that will be chosen for the curriculum. 
How that is to be done and who will 
do it is another story. 

The typical curriculum problem in 
engineering is that of re-making or 
revising a going curriculum rather than 
that of constructing a new one. Even 
in the case where the curriculum is new 
in the sense that the proposed combina- 
tion or grouping of courses may be dif- 
ferent from anything that has been 
used, there will be some courses and 
groups of courses that are common or 
core courses for a division, school or 
college and must be included in any 
new curriculum. 

Probably, very few of these curricula 
were built up from a plan. They just 
grew, course by course. The curricu- 
lum of a department of civil engineer- 
ing in one college may differ markedly 
from that of a corresponding depart- 
ment in another college. Oftentimes, 
one can see the effect of the specialty 
interests of individual staff members in 
the titles and contents of courses. Oc- 
casionally, there may be some trading 
of courses between departments, a sort 
of “favored nation” proposition. Some- 
times, a president, or a dean, or a de- 
partment head selects a course, or a 
group of courses, that must be placed 
in the curriculum. Now and then, a 
prominent alumnus persuades his alma 
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mater that certain deficiencies that he 
has observed in its graduates may be 
corrected by a course which he pro- 
poses. Or, a course may grow out of 
the expressed wishes of a group of 
students. At times, courses that have 
become useful or popular at one school 
are added to the curricula of other 
schools somewhat as one takes up the 
fashion of the year. 

All of the foregoing are well known 
ways whereby courses may be added to 
a curriculum. For this discussion the 
significant point about them is not that 
the method of addition, or the result 
achieved by the course, may be good 
or bad, or indifferent: the significant 
point is that oftentimes the changes 
are made without the aid and benefit 
of a controlling plan or list of objec- 
tives for that curriculum. The prep- 
aration of a plan is the first step in an 
engineering enterprise. In the discus- 
sion which follows an attempt will be 
made to establish an orderly and ra- 
tional procedure for building an engi- 
neering curriculum. 

Having at hand the specific problem, 
which may be that of building a new 
curriculum or of revising a current one 
in a branch of engineering, the steps 
that may be taken include the follow- 
ing: (1) select the people who are to 
share the responsibilities for curricu- 
lum planning and organize them into 
groups, (2) set up objectives and other 
criteria, (3) choose the courses, old 


or new, that will give the desired ob- 


jectives, (4) devise methods and ma- 
chinery for appraising the results, that 


‘is, Compare outcomes with objectives. 


The people who should be called 
upon to help construct the curriculum 
are in the following groups: (a) those 
who are affected by it, which means 
students and graduates and the public, 
(b) those who use it and who are in a 
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position to observe the results of its 
use. In the latter group are found the 
teachers, the administrators (presi- 
dents, deans, etc.), engineering grad- 


uates, and employers of these grad- - 


uates. 

The contributions of these groups 
will differ markedly both in amount 
and weight. This fact is exemplified 
by the pattern of organization of the 
committees that may be set up to carry 
on the work. There will be a depart- 
mental committee, a divisional (repre- 
senting several departments) commit- 
tee, and one for the entire university, 
which has the task of coordinating all 
action. Students may participate, at 
the departmental level where the spade 
work is done, as a separate sub-com- 
mittee or as members of a combined 
faculty-student committee. Graduates 


and employers will do their part most 
readily in the role of advisers or con- 


sultants and will make many or all of 
their contributions by correspondence. 

Responsibility for directing this pro- 
gram (that of departmental curriculum 
changes) will fall upon the depart- 
mental committee. But there are a 
large number of inter-departmental in- 
terests and wishes that must be ade- 
quately presented continuously so that 
the final decision of the committee will 
be a well balanced one. Perhaps this 
issue may be stated concretely and 
simply through a brief discussion of 
the question, “Who will decide upon 
the subject matter of specific courses?” 
This will be mentioned again in con- 
nection with the consideration of ob- 
jectives. Without going into the mat- 
ter of goals or objectives, one sees at 
once that several groups. of teachers 
have responsibilities for the selection 
of subject matter in the various courses 
and that these responsibilities differ 
‘widely from course to course. 
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Examples of courses from a typical 
civil engineering curriculum will help 
to illustrate how the responsibility 
varies. First, as a course where the 
responsibility for the determination of 
subject matter would be most re- 
stricted let us take one in the design of 
reinforced concrete structures which is 
studied by civil engineering students 
only and is taught by members of the 
civil engineering department. The peo- 
ple who should be called upon for assist- 
ance are the members of the civil engi- 
neering staff, civil engineering stu- 
dents, civil engineering graduates, and 
employers of civil engineers. Here 
the final decisions will be made by the 
civil engineering staff, with major re- 
sponsibility on those who teach that 
course. 

Second, in the order of increasing 
division of responsibility, would be a 
course that is common to several engi- 
neering curricula, for example, statics. 
Here the scope of responsibility would 
be enlarged to include the members of 
the department that teaches the course, 
the engineering students, engineering 
graduates, and employers of engineers. 
Also at this point, the Dean of Engi- 
neering would have a direct interest in 
the contents of a course which is in 
the curricula of several of his depart- 
ments. 

At the far end of the scale from the 
standpoint of mixed interest and re- 
sponsibility would be a course in the 
principles of economics which has been 


- prepared for the students of all schools 


of the university. The groups with in- 
terest in that course include the mem- 
bers of the teaching department and 
the dean of the school in which the de- 
partment resides; the faculty of the 
various schools whose students take 
this economics course; the students 
from the various schools ranging from 
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those with a major interest in the field 
through the groups, such as those in 
agriculture, engineering and home eco- 
nomics, who seek only a general knowl- 
edge ; graduates from any school of the 
university, and employers of graduates. 

What are some of the issues or con- 
ficting points of interest? An im- 
portant one is that of goals or objec- 
tives. The degree-granting depart- 
ments will insist that they know what 
their respective students “need”’ ; there- 
fore, they should have a major voice in 
the selection of subject matter. The 
department that teaches the course will 
aim that it knows best what should be 
included in the material to be taught. 
The graduates and employers of grad- 
ates will request that those who com- 
plete the course shall be able to do cer- 
fain things, that is, have specific skills, 
or know designated facts, or under- 
stand various relationships. Some 


students will have opinions regarding 
the present and future usefulness of the 


course. The deans and the president, 
having in mind overall or general ob- 
jectives of the schools and the univer- 
sity, may wish to make some sugges- 
tions. 

The subject matter that is chosen for 
a given course should be the result of 
enlightened and intelligent discussion 
and interpretation of all pertinent in- 
formation. Considerable weight will 
have to be given to opinions because 
facts are scarce and uncertain in this 
area. Doubtless the lead will be taken 
and major decisions will be reached 
by the department that teaches the 
course. It should select the subject 
matter after giving proper weight to 
the needs and desires of each of the in- 
terested groups. This is not to say that 
the correct contents of every course 
may be worked out with the precision 
of a machine-made product. We are 


.in broad areas or categories. 
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not sure about all of the objectives of 
an education, either general or pro- 
fessional. The goals may be reached 
by more than one route. Nor should 
we set as our principal ultimate goal 
the narrow though important one of 
making a living. Throughout this dis- 
cussion the word objective means broad 
educational goals as well as that of 
vocational competence. We can do 
our best job in attaining these objec- 
tives if we make the most intelligent 
and most complete use of all of the 
interests and forces that are concerned. 

The discussion to this point has 
brought in the word “objectives” as 
well as the idea a number of times. Its 
meaning and significance for curricu- 
lum-making warrant emphasis. This 
ought to be easy enough to do for engi- 
neers because they are accustomed to 
attack and solve all of their problems 
according to a pattern which includes 
stating the “object of the experiment,” 
or the objective. An educational ob- 
jective differs from that of an engineer- 
ing experiment or problem in that it is 
usually less concrete. Yet it is a spe- 
cific goal, useful in life, that should re- 
sult from a course, curriculum or pro- 
gram. It is what the student should be 
able to do, to know, or to be as a result 
of a specified amount of learning. The 
term “is useful” is used in a broad 
sense to mean many more things be- 
sides earning a comfortable living. It 
means anything that develops skill, 
makes one economically productive, 
improves health, helps one to get along 
with people, gives wholesome pleasure, 
refines one’s tastes, and increases his 
understanding and appreciation of his 
environment. 

These objectives are frequently listed 
Four of 
the latter that are useful for this analy- 
sis of life’s activities are: (1) earning 
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a living, (2) home and family life, (3) 
personal life, (4) social and civic life. 
In a recent committee report at Iowa 
State College the four areas used were 


(1) vocational or professional com- 


petence, (2) personal development, 
(3) social and civic responsibility, (4) 
human relationships. For the engi- 
neering teacher who is preparing ma- 
terial for a technical course the first 
area, professional competence, will have 
his primary and almost exclusive at- 
tention. However, he will have oppor- 
tunities in a technical course to develop 
objectives in areas other than that of 
vocational or professional comipetence, 
which is a reason why each teacher 
should know the broad educational ob- 
jectives of his institution and of his de- 
partment as well as the specific objec- 
tives of his course. 

There are several types of objec- 
tives; they may be approached from 
more than one standpoint; and they 
may be stated in several different ways. 
The types of objectives could be stated 
under the headings of understandings, 
abilities, and attitudes, all of which we 
seek to develop. Moreover, we may 
approach and formulate the objectives 
from the standpoint of the teacher, that 
is, what does he seek to accomplish? or 
from the standpoint of the student, that 
is, what understandings, abilities and 
attitudes should he acquire? Finally, 
we may state the objectives in at least 
four different ways, depending upon 
the grammatical form that is used. 

As an example of an objective of 
one type, the development of abilities, 
and from the student’s standpoint, let 
us illustrate the ways that an objective 
may be stated. The illustration will 
be taken from surveying. Suppose 


that one of the objectives in the teach- . 


ing of surveying is that the student will 
know how to measure horizontal angles 
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with a transit. The ways of stating the 
abjective could be as follows: (1) the 
ability to measure horizontal angles, 
(2) measuring horizontal angles, (3) 
make measurements of horizontal 
angles, (4) to measure horizontal 
angles. 

The precise form that is chosen is 
not as important as the idea which is 
expressed. Some objectives will be in 
areas of living where abstract ideas 
prevail. These broad or general ob- 
jectives have an important part in the 
complete education of our engineering 
students. The specificity with which 
they may be and will be stated will 
vary from the most general form when 
they appear at the educational level of 
the overall objectives of the university 
to the most detailed and precise form 
possible at the individual course level. 
Moreover, the amount of attention that 
is given to each of the areas of objec- 
tives will vary as the scene shifts from 
the university-wide goals, through the 
schools and departments to the individ- 
ual courses. In the same way a given 
course may have objectives in any or 
all of the areas, but it is apt to give 
major attention to one or more areas 
and minor attention to others. An im- 
portant point here is that an instructor 
who has all of the objective before him 
can see to it that his course does make 
its best and maximum contribution to- 
ward the complete education of the 
student. 

The recent Report of the Committee 
on Engineering Education After the 
War has helped to re-emphasize certain 
areas of life activities in which prospec- 
tive engineers need instruction. The 
committee divided its objectives into 
two main divisions, namely, the scien- 
tific-technological and the humanistic- 
social. It pointed out that “it is not 
sufficient, however, merely to recog- 
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nize the purpose of these two curricular 
stems; it is necessary also to establish 


the means for achieving their educa- 


tional objectives. Explicit objectives 
must be formulated not only for the 
major portions of the curriculum but 
also for each of its subdivisions in 
terms of knowledge to be acquired and 
abilities to be achieved.” * 

The committee emphasized, in speak- 
ing of the time to be allotted to the 
humanistic-social stem, that “they (the 
objectives) cannot be achieved through 
a three-hour course in English in the 
freshman year plus a three-hour course 
in economics in the sophomore year; 
that they can be achieved only through 
a designed sequence of courses extend- 
ing throughout the four undergraduate 
years and requiring a minimum of ap- 
proximately 20 per cent of the stu- 
dent’s educational time.” The sig- 
nificant implications of that statement 
for this discussion are that there must 
be clearly thought through and ac- 
curately formulated objectives and that 
there must be a designed sequence of 
courses that will achieve those objec- 
tives. 

Every engineer is keenly aware of 
the importance of devices that will 
measure the accuracy and precision of 
results on an engineering project. 
Without these, progress would be slow 
and uncertain because one would not 
know whether the goal had been missed, 
just reached, or exceeded. There is a 
similar problem in engineering educa- 
tion. We have been talking about edu- 
cational objectives. We need accurate 
methods or machinery to appraise the 
results of our educative process, that 
is, to compare what we get with what 
we aimed to get. For example, in con- 


1 Journal S. P. E. E., Vol. 34, No. 9, May 
1944, pp. 594. 
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nection with the objective, measuring 
horizontal angles with the transit, it 
should be possible to determine how 
adequately the student has learned to 
measure horizontal angles. When 
valid and reliable measuring sticks 
have been selected we can move with 
confidence to make our teaching fully 
effective. 

Another example will emphasize the 
point. In the competition of collegiate 
football the size of the score is one 
measure of the effectiveness of the 
coach. Although winning the game is 
certainly not the only objective of play- 
ing and it may not be the most useful 
one, yet it stands as a recognized and, 
to many people, the only important re- 
sult of the athletic training program. 
There is no measuring device in the 
academic realm that is so decisive. 
Many of the educational outcomes seem 
too difficult and too intangible to meas- 
ure. Yet the importance of the edu- 
cational program both in costs and in 
results demands that we constantly 
seek methods of determining the extent 
to which our educational objectives are 
achieved. Well known yardsticks for 
this purpose are the student’s grades 
in college and his achievements after 
graduation. 

The evaluations may be made at two 
stages in the student’s career. The 
first of these is during his college days 
when he (and, presumably, the effec- 
tiveness of the educational program) 
is tested through the daily assignments, 
by various types of oral and written 
quizzes, by objective examinations, by 
essay examinations, by themes and re- 
ports and, recently, by a broad type of 
examination, called comprehensive, 
which has found increasing use as a 
device for testing the student’s ability 
to use his knowledge and skills in an 
integrated manner. In most educa- 
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tional systems the student receives a 
mark upon completion of a course. 
This represents the instructor’s esti- 
mate of the extent to which the student 
has fulfilled the requirements of that 
course, which should be equivalent to 
measuring the extent to which the ob- 
jectives have been achieved. It does 
not measure the satisfactoriness or 
validity of those objectives. 

The second stage in evaluation comes 
after the man has completed his col- 
lege work and is at work. Now the 
test is an évaluation of the man’s over- 
all competence and accomplishments, 
instead of a measure of his proficiency 
in course work. This is a broader test 
than any that the student passed in 
college. Although its principal fea- 
tures deal with his professional com- 
petence it also involves his ability in 
the other areas, namely, personal de- 
velopment, human relationships, social 
and civic responsibility. 

It seems clear that all of these tests 
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should have an integrated relationship 
to the teaching program in which the 
objectives are formulated and carried 
out. Therefore, one of the important 


‘steps in the making of a curriculum 


should be the preparation of tests that 
will truly measure the extent to which 
the proposed goals are reached. — This 
is not an easy task. In college the re- 
sponsibility is in the hands of the pro- 
fessors. After the man has graduated 
his employers and associates do the 
measuring and the professors’ influ- 
ence is indirect and remote. There is 
work to be done at both places: first, 
to formulate and put into use the best 
objectives in all areas; and second, to 
develop and use tests that do measure 
the avowed objectives. Doubtless, the 
carrying out of these two steps is a 
task for specialists and is beyond the 
purview of the curriculum committee. 
This calls for continuous research and 
the cooperation of all interested per- 
sons, committees and departments. 
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The Nomographic Representation of Polynomials 


By W. H. BURROWS 


Faculty Research Associate in Chemistry, Engineering Experiment Station, Georgia 
School of Technology 


ABSTRACT 


Standard methods for the nomographic rep- 
resentation of polynomials in three and four 
variables are usually given for very limited 
ranges of the variables. The use of ranges 
frequently encountered in engineering prac- 
tice makes these methods inaccurate and 
difficult toempley. A chart has been devised 
for adjusting the moduli of the scales to fit 
the ranges of the variables, at the same time 
fixing the position of points on the base scale 
of the nomograph. Its use is described in 
Part I, while the method as a whole is reduced 
to simple steps applicable to all polynomials 
of not over four variables. 

In Part II, two methods for the treatment 
of polynomials of five variables are given. 
Previous methods require the reduction of the 
polynomial to one of four variables, which is 
indirect, or construction of a complicated net- 
work of curves. The methods here given are 
direct and follow the simple methods outlined 
in Part I. 


I. INTRODUCTION 


Methods for the construction of 
nomographs for the solution of poly- 
nomials in three and four variables are 
given by D’Ocagne,! Lipka* and others. 
‘The application of these methods to 
engineering formulas, however, fre- 
quently leads to difficulties because of 
the ranges of the variables involved. 
The examples given by these authors 
generally show a range of 0 to 10 or 
— 10 to +10 for each variable, whereas, 
in practice, it is not uncommon to find 
the ranges of the various variables 
in a single formula separated by fac- 
tors as high as 10 or more. This 


wide diversity of ranges has the effect 
of greatly distorting the positions 
and moduli of the scales and propor- 
tionately reducing the accuracy of 
readings. 

The optimum arrangement is that 
which gives a nearly equal spacing to 
the scales of the nomographs, for the 
ranges required, and provides each 
scale with a modulus such that inter- 
polation will be easy and accurate. 
A method of meeting these require- 
ments with ease and dispatch, while 
at the same time establishing the ab- 
scissas of the power term scale, is pre- 
sented in Part I of this paper. 

Part II deals with the solution of 
polynomials in five unknowns. This 
problem has been treated for the case 
of the complete quartic by D’Ocagne' 
and by Lipka* by methods involving 
the reduction of the complete quartic 
to a polynomial in four unknowns. 
These are substitution methods and 
require (a) one or more nomographs 
for the reduction process, (b) a nomo- 
graph for the solution of the reduced 
equation and (c) application of the 
reduction nomograph to determine the 
value of the original power term. An- 
other method is presented by Hewes 
and Seward,? which, although direct, 
requires the construction of a very 
complicated network of curves and is 
quite difficult to operate. All three 
of these methods are presented in the 
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original texts for a very limited range 
of the variables and would be further 
complicated, with consequent loss of 
accuracy, by a wide distribution of 
ranges. Furthermore, the less direct 
a method is, the less accurate and 
more difficult to key it becomes. 

Two original methods are presented 
here, based upon the introduction of 
a sixth variable, the elimination of 
which leads to the solution of the 
equation. These methods have the 
following advantages over those men- 
tioned : (a) construction for any ranges 
of the variables is simple, following 
the principles presented in Part I; 
(b) the nomographs are easy to oper- 
ate and a simple key is sufficient for 
each; and (c) the methods are direct, 
lending accuracy to reading and inter- 
polating the scales. 

The use of determinants has been 
omitted from the present discussion, 
for, while their use is invaluable in 
general nomographic work, they can 
be left out of the discussion of a single 
equation type without loss of gener- 
ality. Indeed, it might be pointed 
out here that the use of determinants 
is valuable only in establishing the 
nomographic forms for different equa- 
tion types, but, once the form has been 
established, additional determinants 
for other equations of the same type 
would be mere duplication. 


PART I: A GENERAL METHOD FOR 
POLYNOMIALS IN THREE AND 
.FOUR VARIABLES 


II. THEORETICAL 


Nomograph for Quadratic Equations. 
—The nomograph for quadratic equa- 
tions is constructed as follows: (1) 
Two parallel linear scales are marked 
off at a distance, L, from each other. 
(2) This distance, L, is then subdi- 
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vided by vertical lines into segments 
of length, s (measured from the left- 
hand scale), such that s=Lx/(x+1) 
for the values of x within the range. 


(3) Straight lines ‘are drawn through 


the origin of the left-hand scale to the 
points on the right-hand scale repre- 
senting the values of —x. (4) The 
intersections of these lines with the 
vertical lines for corresponding values 
of x form a smooth curved scale for zx. 
(5) The left-hand scale is used for 
values of B and the right-hand scale, 
for values of A. A straight line con- 
necting any value on the A-scale with 
any value on the B-scale will intersect 
the x-scale in a value of x which isa 
solution of the equation (Fig. 1): 


x?+Ax+B=0. (1) 


Nomograph for Reduced Cubic Equa; 
tion.—The nomograph for the equa- 
tion, 


¢+Ax+B=0, (2) 


is constructed in the same manner as 
that for the quadratic except that the 
ordinates of the x-scale are determined 
by the intersections of the vertical 
lines with lines drawn from the origin 
of the B-scale to points on the A-scale 
representing —x? (Fig. 1). 
Nomograph for the General Pol-yno- 
mial Type I.—The nomograph for any 


polynomial of Type I, 


fi(x) +Afo(x) +B=0, (3) 


where fi(x) and f2(x) may be any powers 
or other functions of x, is constructed 
as follows: (1) The A- and B-scales 
are laid off as before. The distance, 
L, is subdivided into segments such 
that s=fo(x)L/(fe(x) +1). . The inter- 
secting lines are then drawn from 
B=0 to the points A = —f,(x)/fa(x) to 
form the x-scale. It is obvious that 
both the quadratic and the reduced 
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Method of Constructing Nomographs for the Quadratic 


and Reduced Cubic Equations. 


Curve I: x#* 4+ Ax+B=0. 
Curve II: «* + Ax + B = 0. 


cubic mentioned above are special 
cases of Type I. 

This general type formula may be 
applied, however, to more involved 
equations, such as the complete cubic 
or the reduced quartic equation (poly- 


nomials in four variables). For ex-— 
ample, if the equation is 
x?+ax?+bx+c=0, (4) 


fi(x) may be defined by fi(x) =x*+<ax’, 
wherein the coefficient (a) is assigned 
a series of constant values, each giving 
rise to a separate curve for the x-scale. 
The resulting nomograph consists of 
the two parallel extreme scales with a 
“‘network”’ scale between. The “‘net- 
work”’ scale_has vertical lines for val- 
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ues of x, crossed by a family of curves +/3(x)). The intersecting lines are 


for values of a (Fig. 2). 

Nomograph for the General Polyno- 
mial Type II.—The construction of a 
nomograph for the polynomial, 


laid through B =Oand A = —f,(x)/fo(x) 
to determine the ordinates of the x 
scale. It will be noted that Type I is 


‘a special case of Type II, in which 
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the more general classification. In 
setting up a nomograph for this equa- 
tion, the functions of x might be de- O L el 
fined by: fi(x) =ax*+q, fe(x) =x*, and s 
f(x) =x. é 
Typical examples of these various 4 A 
types are shown in Figs. 3 through 5. b a 6 
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(7) 
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The parameters, s and r, are the ab- or 
scissa and ordinate respectively of a ap+b 
point R on the x-scale as-defined by oe 5 
the above construction methods. If ce 
any line, BRA, is now passed through 
this point, intersecting the parallel aa pq 
scales in values of a and b, we have p+i1 
b—-r s_ p whence 
b—a L p+i’ —pqtap+b=0. 
ax. 
a 
4 
4— 
35 
J 
— 
= 
4 
1 
0 Az Y- 13 I+ kFY*)-KFY?- FY X,- KFY A 
ax + 
Fic. 5. Application to a More Involved Polynomial. 
The equation is written: fi(Y, Aac) + fa( Y, Anc)F + f(¥, Anc)AVmax. = 0 
and a separate Y-curve is plotted for each value of Axe. 
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Now, the A- and B-scales are so con- 
structed that A=a and B=b. (The 
construction of these scales will be 
given later.) 
We then have four cases for Eq. 7: 
I. The Quadratic. If p=x and 
=—x, (7) becomes 


x?+Ax+B=0, 


and the abscissa, x=x/(x+1). (The 
ordinate is determined by the line 
B=0, A=q.) 


II. The Reduced Cubic. If p=x 
and g= —x?, (7) becomes 
e+Ax+B=0, 
and the abscissa, s=x/(x-+1). 
III. General Type I. If p=fe(x) 


and g=—fi(x)/fe(x), (7) becomes 
f(x) +Afe(x) +B=0 


and the abscissa, s =fe(x)/(fe(x) +1). 
IV. General Type II. If p=f2(x)/ 
f3(x),and g= —fi(x)/ f(x), (7) becomes: 


f,(x) +A fo(x) + Bfs(x) =0 
and the abscissa, 


s=fo(x)/(fo(x) +fs(x)). 


Relationship Between Range of x and 
Moduli of A- and B-Scales.—It is ap- 
parent from the above discussion that 
the construction of nomographs for 
any of the above cases consists of (1) 
the selection of suitable scales for A 
and B, (2) the location of the abscissas 
for the x-scale and (3) the location of 
the ordinates of the x-scale. Exam- 
ples of the construction of nomographs 
for the quadratic and reduced cubic 
equation are shown in Fig. 1, where 
a limited range of each of the variables 
was used. However, examination of 
Fig. 2 will show that for some ranges 
of the variables the nomographs would 
have a very distorted appearance and 
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would lack the desired accuracy. This 
is much more pronounced in nomo- 
graphs involving a network scale, be- 
cause of the crowding of the vertical 


‘ lines as we approach the A-scale. 


For instance, in Fig. 2, the spacing 
of the vertical lines for the range, 
a=0 to a=4, is satisfactory for easy 
reading. However, it is obvious that 
readings in the neighborhood of a= 10 
to a=15 would be quite unsatisfac- 
tory. On the other hand, the range 
of Aum in Fig. 3 is 5 to 10 and the 
vertical lines are spaced for easy read- 
ing and interpolation. The difference 
lies in the fact that A- and B-scales 
of equal modulus were used in Fig. 2, 
while in Fig. 3 these moduli were ina 
ratio of 100 to 1. This has the effect 
of shifting the scale of the power term 
much closer to the scale of greater 
modulus, and providing a wider spread 
in the abscissas of that scale. 

There is clearly a relationship be- 
tween the range of x and the ratio of the 
moduli of the A- and B-scales necessary 
to give optimum distribution to the 
x-scale. 

The abscissas of the x-scale have 
been shown to have the formulas, 


5=fo(x)L/(fe(x) +1) 
for equations for the General Type I 


and 
Ss =fo(x)L/(fo(x) +fa(x)) 


for equations of the general Type IL. 
Examples of these are as follows: 


Equation Type I: 
Abscissa = fo(x)/(fe(x) +1) =s(L=1) 
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For the case, 
fo(x) =x", 


Equation Type II: 
Abscissa = f2(x)/(fe(x) +f3(x)) 


s=x™/(x™+1) 


=s(L=1) 
For the case, 
frlx) =x", 9 s=x"/(x"+x""") 
and 
fa(x)=xr, ==x/(x+1). 
For the case, 
fa(x) =x", s=x"/(x"+x"-) 
and 
fax) =x", = = x*/(x? +1). 
For the case, 
fa(x) =x", = s=x"/(x"-+-x"-™) 
and 
fa(x)=x"™,  =x™/(x™+1). 
It will be noted that in any case, the 


formula of the abscissa may be written 
s=p/(p+1), where p=x™. This func- 
tion gives rise to the so-called ‘‘pro- 
jected scale,”’ since it may be generated 
by the projection of points from one 
of two parallel linear scales through a 
diagonal line to a point on the other 
scale on the opposite side of the diag- 
mal. The method is described in 
most of the books mentioned in the 
bibliography. The principal objec- 





tions to the practice of using this 
method whenever such a scale is to be 
employed are (1) there is no way of 


:=1)Iinowing without considerable experi- 


tnce the best moduli to select for the 
sales to be used in generating the 


Projected scales, so as to provide the 


Hesired distribution of points on this 





scale, and (2) the projection operation 
¥s often tedious and liable to error, 


especially where the moduli of the 
A- and B-scales are very different. It 
is highly desirable, then, to have a 
more convenient method of locating 
the abscissas of the x-scale. 

We have found that the use of the 
chart shown in Fig. 6 is advantageous 
in two respects: first, it selects the opti- 
mum ratio of the moduli of the A- and 
B-scales and, secondly, it locates the 
abscissas of the x-scale without further 
construction. Incidentally, although 
this chart was originally devised for 
work with polynomials, it is equally 
applicable wherever the projected scale 
is used. 


III. CoNSTRUCTION AND USE OF THE 
PROJECTED SCALE CHART 


The construction of the projected 
Scale Chart is derived from the ortho- 
dox method of preparing projected 
scales. Two parallel lines are marked 
off with the scales, O’—A and O—B, 
of equal modulus and with origins at 
O’ and O, respectively. Lines are 
drawn from the point, O’, to the points 
on the B-scale, with differences in 
shading to indicate units and fractions 
of units. Other lines are drawn from 
the point, O, to the unit points, from 
1 to 10, on the A-scale. (Fractions 
are unnecessary.) 

The B-scale is not shown in the final 
chart, Fig. 6, since it is not used, once 
the chart is completed. 

The line from the point, O, to the 
point, A=1, intersects the pencil of 
lines first drawn in a series of points 
representing the scale p/(p+1) as it 
would be formed in the usual manner, 
were the moduli of the A- and B-scales 
identical and their vertical distance 
equal to the length of the line, O to 
A=1. If the modulus of the A-scale 
were twice that of the B-scale, the 
distance of the point, O’ from the 
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appro? 











Fic. 6. The Projected Scale Chart. 


diagonal (as measured along the B- 
scale) would be twice as great, the 
projection by the usual method would 
give rise to a scale identical with that 
on the line, O to A=2. In the same 
manner, each of these lines, O to A =n, 
is intersected in such a way as to give 
rise to a projected scale identical with 
that which would be formed in the 
usual manner, were the ratio of the 
modulus of the A-scale to that of 
the B-scale (m4:mg) equal to the 
number, », on the A-scale of the chart, 
and were the vertical distance sepa- 
rating the scales equal to the distance, 


OtoA=n. Each of these lines may, 
therefore, be used as a scale for estab 
lishing the spacing of the abscissas ofor Gene 
the function ~/(p+1) between the ex 
treme scales, provided the line used fi 
corresponds to the ratio of modulflf the o 
being used on the extreme scales. variable 

The range of values to be reprefa “variz 
sented on the projected scale will de} 2. De 
termine which of the O to A lines tojfor Ty 
select, and, consequently, what ratiofor Typ 
of the moduli to employ in setting upjthe O —. 
the A- and B-scales on the nomographjthart v 
For instance, if the range of f"(x) is Ms ran; 
to 5, it will be seen that this range falljm the / 












10‘ | approximately in the center of the line, 
0 to A=2, and extends over a longer 
portion of this line than. any other 
9 Iiine. Hence, a ratio of ma :mg=2 
would be employed. Also, the line O 
to A=2 would be employed to estab- 


8 lish the positions of the vertical lines 
used for the abscissas of the x-scale. 
7 The chart, as shown, gives values 


of f(x) from 0 to 100 and values of 
ma:mgz from 0 to 10. However, 
6 |cither of these scales may be multi- 
plied by any factor, provided the other 
scale is multiplied by the same factor. 
6 |For instance, to set up a nomograph 
wherein the range of f"(x) was to be 
25 to 250, one would multiply both 
4 |sales by 10. This would place 25 at 
the present position of 2.5 and 250 at 
the present position of 25. This range 
3 | would fall approximately in the middle 
of the line, O to A=10, which line 
would be used in establishing the ab- 
2 Isissas of the x-scale. Then, since the 

Alvalues of both scales have been multi- 
plied by ten, a ratio of ma :mg=100 
| Twould be employed in setting up the 
A- and B-scales. 


IV. OUTLINE OF THE METHOD 
1. Put the given equation into the 
form of either General Type I: 
staf fal) LAfa(x) £B=0, 
sas dfor General Type II: 
ei fi) Afale) +Bfale) =0. 


r0dulif If the original equation contains four 
S. variables, incorporate one of them as 
repre}a ‘variable constant” in f,(x). 

. de} 2. Determine the range of f(x). 
for Type I equations, f"(x) =fo(x); 
Tal lor Type II, fm(x) =fe(x)/fa(x). Find 
ng upc O—A line on the Projected Scale 
raphg‘hart which most nearly centers on 
:) is ifthis range of f(x). The number, n, 
e fallsgjm the A-scale of this chart gives the 
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ratio of moduli (ma, : mz) of the A- and 
B-scales to be constructed on the - 
nomograph. 

3. Construct the A- and B-scales, 
giving attention to the following de- 
tails: 

(a) Both scales must read in the 
same direction; 7.e., both scales must 
become of higher positive or lower 
negative value as we move in one 
direction. 

(b) Each scale must be long enough 
to include the full range of its coeffi- 
cient with the desired accuracy of sub- 
division. 

(c) The moduli of the scales must 
stand in the ratio (m4:mg) deter- 
mined in Step 2. 

(d) If the nomograph is being con- 
structed on tracing paper, these scales 
may be drawn from points on a piece 
of cross-section paper placed under 
the tracing paper at such an angle as 
will give the required modulus to each 
scale. 

(e) In order that the values of x 
read from left to right, it is desirable 
to place the B-scale at the left and the 
A-scale at the right of the nomograph. 

4. Place the selected scale of the 
Projected Scale Chart (Step 2) so that 
the point, O, is on the B-scale and the 
point, ”, is on the A-scale. Mark on 
the nomograph the points of intersec- 
tion which the diagonal lines make 
with this scale, over the range of 
f(x), and draw vertical lines on the 
nomograph through each of these 
points. Label these lines with values 
of x (not with values of f™(x)). 

If the nomograph is being laid out 
on tracing paper, the chart may be 
placed in position beneath the paper 
and the vertical lines drawn directly 
from the points on the chart. 

5. Set B=0 and solve the equation 
for A in terms of x. Determine the 
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value of A for enough separate values 
of x to provide a smooth curve. 

If the equation contains four vari- 
ables, one of the coefficients will have 
been incorporated in fi(x) as a ‘‘vari- 
able constant.” In this case, separate 
sets of values of A must be determined 
for at least two values of the “variable 
constant.” 

6. Set a pivot pin at the scale point, 
B=0, and lay a straight-edge from 
this point to each value of A deter- 
mined above. Mark the point of 
intersection of the straight-edge with 
the vertical line for the corresponding 
value of x. Draw a smooth curve 
through these points of intersection. 

In the case of a ‘‘variable constant,” 
a separate curve will be obtained for 
each value of that coefficient. Inter- 
mediate curves may be set up by linear 
interpolation along the vertical, if the 
ordinates are linear functions of the 
“variable constant,’ as they usually 
are. 


PART II: TWO METHODS FOR 
POLYNOMIALS IN FIVE 
VARIABLES 

It has been shown in Part I that a 
polynomial in four variables can be 
put into nomographic form by incor- 
porating one of the coefficients of the 
power term, as a ‘“‘variable constant” 
in fi(x) in either Type I or Type II 
Form. The resulting nomograph con- 
tains a ‘“‘network”’ scale, in which the 
abscissas represent the power term 
and the ordinates, the ‘‘variable con- 
stant.” 

This device can be applied to poly- 
nomials in five variables by assigning 
two of the coefficients as “variable 
constants” in the expression for fi(x), 
only by preparing a series of nomo- 
graphs, one for each integral value of 
one of these coefficients, with the other 
coefficient represented in the ‘‘net- 


work”’ scale of each nomograph. Such 
a device might conceivably be used if 
one of the coefficients had a very lim- 
ited set of possible values, but could 
hardly be used as a general method, 

The following methods consist in 
the introduction of a sixth variable, 
P; factoring into two expressions, each 
containing x and P and two coefh- 
cients; and arranging these in nomo- 
graphic form such that simultaneous 
solution will eliminate the parameter, 
P, and yield the desired root of 
the equation. Both methods will be 
treated for the case of the general 
quartic, x*+-ax°+bx?+cx+d=0, but 
may be applied to other polynomials 
in five variables. 

First Method.—The general equa- 
tion for the quartic is written in para- 
metric form as: 


(x‘+-d) +bx*+P=0, (1) 
and 
—ax*—cx+P=0, (2) 


with the following specifications: for 
Part 1 of the nomograph, 


fi(x) =x4+d, A=b 
and for Part 2, 
fi(x) = —ax*, A’=—c and B’=P. 


It will be noted that the two parts of 
the nomograph have a common scale, 
B=P=B’. The moduli of the A-and 
A’-scales are made such that the mod- 
uli of the B- and B’-scales are identi- 
cal, and the same scale is used for 
both B and B’. Part 1 of the nomo 
graph is placed on one side of the 
P-scale and Part 2 on the other side. 
In practice, this P-scale is not scaled, 
since the only significant point on it 
is the zero point used in setting up the 
ordinates of the network scale. The 
two parts of the nomograph are set 
up as previously described for poly- 
nomials in four variables (Fig. 7). 


and B=P 
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Fic. 7. First Method for Polynomials in Five Variables. 
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To solve for x, place pivot pins at 
the values of b and c on their respec- 
tive scales. Lay straight edges from 
these pins to a common point, P, on 
the P-scale. Move this point along 
the P-scale until the straight edges 
simultaneously intercept the a and d 
lines on the network scales at identical 
values of x. The value of x so ob- 
tained is a root of the equation. 


B x 


Second Method.—The general quar- 
tic equation is factored into the para- 
metric form: 


, (x?— P)+ax+b=0, (1) 
and 

Px?+cx+d=0, (2) 
with the specifications for Part 1: 


fi(x)=x°—P, A=a and B=b, 
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Fic. 8. Second Method for Polynomials in Five Variables. 
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and for Part 2: 
fi'(x)=Px*, <A’=c and B’=d. 


Since A and A’ are both coefficients of 
the same power of x in the parametric 
equations, we have the very useful 
relationship that: if the moduli of the 
a, b, c, and d scales are in the ratio, 
M,:M,=mM,.:Mmg, and the c and d 
scales are colined with the a and b 
scales, respectively, then the abscissas 
of x for both parts of the nomograph 
will be identical. 

The construction of the nomograph 
is simple. The scales for the coeffi- 
cients are laid out with the positions 
and moduli mentioned, the ratio of 
moduli being determined by the Pro- 
jected Scale Chart (Part I). The ab- 
sissas of x are determined from the 






NOMOGRAPHIC REPRESENTATION OF POLYNOMIALS 375 


same chart, and ordinates are con- 
structed for a range of values of P 
(Fig. 8). 

To solve for x, straight-edges are 
laid from a tob and fromctod. The 
value of x at which the straight lines 
simultaneously intercept identical val- 
ues of x and P is a root of the equation. 


. 
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Further Notes on Analytic Geometry 


By SAMUEL B. FOLK 
Professor of Mechanics, The Ohio State University 


For several long months I have been 
hopefully awaiting an article on Ana- 
lytical Geometry in answer to Dean 
Ayer’s iconoclastic observations on its 
value to engineering students (April 
1944 issue of the JourNnaL). I, for 
one, do not feel that the discussion of 
this topic should die with the Dean’s 
own answer in the October 1944 issue. 

There are a number of opportunities 
to utilize analytic geometry in theoreti- 
cal and applied mechanics. One such 
occurs in the derivation of column 
formulas. For a number of years I 
have encouraged my students to apply 
their knowledge of “analyt” for this. 
Each time I hear groans and an un- 
ashamed admission that what little they 
once knew has been forgotten. If left 
to their own resources they will always 
use the calculus for these problems, 
even though they realize their short- 
comings in the application of this sub- 
ject. To the average student, analytic 
geometry is a method used in solving 
some problems which next quarter we 
find can be worked by a “slick” method 
called calculus. To be useful to the 
student he must find applications for a 
subject during the next quarter. But 
there is little or no “carry-over” factor 
in this subject. Therefore, he forgets 
nearly everything except y=mr+b 
and this is not worth remembering be- 
cause it can be synthesized from al- 





gebra and calculus. Some engineers 
would solve these problems by descrip- 
tive geometry. 

Neither do I mean to infer that all 
topics of analytic geometry should be 
dropped. Some curve plotting and 


equations would be perfectly at home in 


the calculus, and some time could be 
saved in our crowded engineering cur- 
ricula. If any of your engineering col- 
leagues believe, like some of Dean 
Ayer’s and mine do, that the subject 
be retained, try asking them a few 
questions, such as: _— 

“What is the common name for a 
hyperbolic paraboloid ?” 

“Of course you know that the para- 
bola, ellipse and hyperbola are conic 
sections, and that they are defined as 
curves where the eccentricity is equal 
to, less than or greater than unity. 
Now just which one is which?” 

“Have you ever used in your profes- 
sional work the hyperboloid of revo- 
lution of two sheets? 

“If you were finding a perpendicular 
from a point to a line, would you use 
analytic geometry or descriptive geom- 
etry, and why?” 

“What is the latus rectum and for 
what is it used?” 

“Just how recently, or how often, 
have you used Analytic Geometry?” 

These questions are not meant to 
be embarrassing but only to really see 
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if the colleagues mean what they say 
about the value of the subject. Re- 
member that analytic geometry was a 
good method of analysis when proposed 
by Des Cartes in 1644 and that New- 
ton was only two years old then. But 
the methods became less valuable after 
we knew how to handle the calculus 
and especially after Gaspard Monge 
published his studies on descriptive 
geometry in 1795. As a matter of in- 
terest in retrospective, Wolf devotes 
no space at all to Des Cartes in his 
chapter on Mathematics in “A History 
of Science, Technology and Philosophy 
in the 18th Century.” 

Most of our curricula revisions in 
Engineering Colleges are merely rear- 
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rangement of present existing courses. 
Why shouldn’t subject matter, contin- 
uity, logical sequence and practical 
value be examined? Isn’t there an im- 
mense field of improvement here that 
is pretty much overlooked? Under 
pressure of time, should we not some- 
where draw the line and eliminate sub- 
ject matter that has little or no value in 
the engineering sequence? Or perhaps 
we should catalog such courses as 
broadening rather than fundamental or 
basic to engineering. This would at 
least relieve the mind and avoid putting 
our courses under the microscope, and 
we could go merrily on our way for 
another half century. But should we? 
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Further Notes on Engineering in the Middle Ages 


By J. K. FINCH 


Renwick Professor of Civil Engineering, Columbia University 


In his interesting review in the 
October JouRNAL of the progress of 
civilization during the Middle Ages 
and the Renaissance, Professor Draffin 
outlined the effect of social and politi- 
cal changes on the general development 


of engineering.* The long period from- 


the collapse of the Roman Empire in 
the West to the fruition of the new 
civilization in France, some thousand 
years later, includes, however, a num- 
ber of most interesting angles which 
were not noted, or at least not de- 
veloped, in Professor Draffin’s paper. 
One gathers the impression, in fact, 
that the Middle Ages were a rather 
sterile and unimportant era in the his- 
tory of engineering, whereas they were 
marked by a number of notable achieve- 
ments in the history of our profession. 

In the first place, the Middle Ages 
gave us for the first time the words 
engine and engineer. Neither the 
Greeks nor the earlier Romans ever 
used the word engine. Vitruvius at- 
tempts to distinguish between a ma- 
china or an organon but he never heard 
of or used the word ingenium. It was 
an early father of the Latin church, 
Tertullian, who, writing about 200 
A.D., recounts how the Carthaginians, 
when a Roman battering-ram (aries) 
was brought up to attack their walls, 


*“The Status of Engineering During the 
Middle Ages and the Renaissance” by Jasper 
O. Draffin. JourNAL oF ENGINEERING Epu- 
caTion, Vol. 36, No. 2 (October, 1945). 


were dumb-founded at the sight of this 
“new and foreign ingenium”—that is, 
product of genius, or invention. While 
it seems rather extraordinary that this 
device was unknown to the Carthagin- 
ians, for it had been used centuries 
earlier by the Assyrians, nevertheless, 
this was, apparently, the origin of our 
word engine. 

Thus, thereafter, catapults, batter- 
ing-rams and other similar devices of 


war gradually became known as en-, 


gines but it was not until some thou- 
sand years later that the men who 
operated them were referred to as in- 
geniators, or engineers. 

It was also during the Middle Ages 
that the split began to develop in the 
ranks of the old master builder which 
led to the wider use of this new desig- 
nation. All through Ancient Times, 
up to this period of the ingeniator, 
there had been but one profession the 
workers in which turned their hands 
to what we would now call architecture, 
civil or mechanical engineering, of 
military engineering, as the times and 
occasion required. 
doubtedly some specialization but the 
word master builder seems the most 
appropriate to apply to these earlier 
general practitioners. The Egyptians 
called them chief of works, the Greeks 
knew them as arch-technicians, archi- 
tekton, and the Romans, following 
Greek practice, used the name archi- 
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tectus. This is the origin of the mod- 
ern -word architect but the earlier 
meaning was not limited,’as it is to- 
day, to building construction. The 
ancient architectus was a general mast- 
er-builder engineer and architect. 

During the Feudal Ages, however, 
the men who specialized in making and 
operating engines of war and who 
could build private fortress-homes for 
the many nobles who, operating on a 
public-be-damned policy and giving 
only lip allegiance to the crown, made 
this the Era of Private Wars, were in 
great demand. They became the in- 
geniators, the first to be known by the 
name “engineers.” I suggest that 
those who think that their work was 
relatively stumbling and _ child-like 
study their engines and, in particular, 
the medieval fortress. Evolving from 
the Roman castrum, or armed camp, 
earlier timber walls and towers gave 
way, about 1100 A.D., first to square 
and later to round tower constructions 
which, together with the Gothic cathe- 
drals, still are one of man’s greatest 
structural achievements. 

For example: About sixty miles 
north of Paris, just south of Soissons, 
there stand the remains of one of the 
most famous of these structures. The 
Sieur de Coucy erected this famous 
Chateau of Coucy early in the 13th 
Century. The great king of the 
Cathedral Age, Philip Augustus, had 
died in 1223 and the Chatelain of 
Coucy decided it was a good time to 
tush up an impregnable fortress-home 
before the new king could get his forces 
together and stop him. 

Standing on a commanding spur of 
the hills of a tributary of the Marne, 
Coucy was protected on three sides by 
steep slopes. A great ditch, seventy 
feet wide, was cut across the spur, thus 
guarding its only approach. Flanking 
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towers cornered the walls, a draw- 
bridge and complicated portcullis and 
entrance gate guarded access to the 
central courtyard, while the huge don- 
jon, or keep, the final retreat of the 
defenders and thus the ultimate center 
of resistance, was, according to Violett- 
le-Duc, “the most superb military con- 
struction of the Middle Ages.” This 
fortress-home was opened by no single 
lock. The attacking force faced a se- 
ries of carefully, ingeniously planned 
obstacles, each of which had to be 
overcome in succession, if entrance was 
to be gained by other than frontal 
attack. 

The great keep at Coucy was almost 
one hundred feet in diameter and 212 
feet high. At the base its walls were 
eighteen to thirty-four feet thick and 
formed a storage vault for supplies. 
Successive floors produced a soldiers’ 
hall, a Great Hall with galleries, spe- 
cial quarters for the noble’s family and, 
finally, a “fighting-top.” One under- 
stands the use of the words ingenium 
and ingeniator when he studies the de- 
tails of these remarkable constructions.* 

Another factor then entered the en- 
gineering field which brought this era 
to a close and, at the same time, gave 
wider use to the term engineer. The 
origin of gunpowder seems to be 
shrouded in mystery. It was known 
to the alchemists of the 13th and was 
used in firing cannon in the 14th Cen- 
turies. With its advent, attack once 
again gained superiority over defense. 
It sounded the death knell of the medi- 
eval castle. It gave emphasis to a new 


*The ten volumes of Violett-le-Duc’s 
monumental Dictionnaire Raisonne de 
V Architecture Francaise du XI¢ and XVI¢ 
Siecle, Paris, B. Bauge, 1854, is a standard 
work on medieval construction and a mine 
of information on the activities of the 
medieval ingeniator. 
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technique in the work of the ancient 
master builder, and, as has always been 
the case, the birth of a new technique, 
unrelated to earlier or current prac- 
tice, led to the branching off from the 
parent stem of a new profession, in 
this case military engineering. 

We are apt to forget the importance 
of gunpowder in the history of engi- 
neering. Much of the older practice of 
civil or building construction was 
superseded by a new and specialized 
military design, the earthwork fortifi- 
cation. The old castle, both a fortress 
and a home, was no longer worth 
building. The casting of cannon gave 
new impetus to the metallurgical art. 
Problems of range and elevation led 
te a deluge of books on military sur- 
veying and encouraged the develop- 
ment of surveying instruments. The 
mysteries of trajectory attracted the at- 
tention of the mathematically inclined 
and the inventive devised new “en- 
gines” and mechanisms. These were 
notable developments in the history of 
our profession. Furthermore, it is only 
in recent years that we have begun to 
lose some of the effects of these strong- 
ly military beginnings and traditions 
in engineering practice. Like the great 
military leaders of the past the engi- 
neers of the last generation led their 
forces in the field, on surveys and in 
construction, and relied on an esprit 
de corps, on the élan that comes from 
team-work in meeting and overcoming 
obstacles, to push their jobs through. 
We must see to it, in these modern 
days. of functionalized organization, 
and the endless division of authority, 
that our younger engineers retain 
some of this spirit of team-work and 
service which is traditionally charac- 
teristic of our great profession. 

Thus the Middle Ages came to an 
end with the advent of gunpowder, 


which gave birth to military engineer- 
ing as a separate profession and: was 
also a powerful factor in the rise of 
more democratic institutions, of town 
life and a public consciousness. The 
process was not altogether easy and 
pleasant but a common soldier, armed 
with a blunderbuss, was more than a 
match for the noble in his costly armor, 
and the older restrictions of the Middle 
Ages soon began to disappear. Simi- 
larly, the Reformation brought to an 
end an era in which the church, strug- 
gling to build the City of God, had 
substituted for a public consciousness 
that simply did not exist, and had 
fathered man’s greatest structural 
achievement in stone, the skeleton- 
stone construction of the Gothic cathe- 
dral. 

The Renaissance, as modern histo- 
rians point out, was not a new-birth as 
the name implies, but the flowering of 
a long period of development under the 
new atmosphere of hope and progress 
that followed the Middle Ages. The 
times were ripe for achievement, a re- 
birth of public engineering, which was 
to be carried forward, especially in 
France where leadership in engineer- 
ing rested all through the 17th and 
18th Centuries. 

It is interesting to speculate on the 
position and changing fortunes of the 
engineer during these centuries. It 
seems clear that, during Roman Times, 
the real master-builders were usually 
the Roman officials themselves. There 
were, of course, many technical sub- 
ordinates, surveyors, levellers, quan- 
tity surveyors, water superintendents, 
etc., but such political leaders as Ap- 
pius Claudius knew and understood 
the relatively few possibilities and 
basic requirements of current construc- 
tion and could father and direct such 
public constructions as aqueducts, 
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roads, bridges and tunnels. Both the 
emperors Trajan and Hadrian were, 
apparently, quite skilled in-design, and 
that the former knew his engineering 
is clearly demonstrated in the Pliny- 
Trajan letters. 

All of this passed out with the fall 
of Rome and the master-builders and 
ingeniators of the Middle Ages seem, 
from the little we know of them, to have 
been independent itinerant craftsmen 
passing from job to job over quite 
wide areas. The notebook of one of 
them, Wilars de Honecort, of about 
1240 A.D., has survived and gives us 
some idea of the interests of one of 
the master craftsmen who, presumably, 
were responsible for the construction 
work of the period. De Honecort had 
been all over France from Rheims and 
Laon, Meaux and Chartres, to Lau- 
sane and also in Hungary. His 
sketches are crude and rough but in- 
clude notes of various items from bits 
of cathedral design to engines of war, 
and from machines for boring of logs 
for water pipes to problems in mili- 
tary surveying. ; 

Unfortunately we know nothing of 
the actual procedures in the design of 
the cathedrals, fortresses or bridges of 
the Middle Ages. No plans now exist 
if, indeed, more than pictorial sketches 
were ever made. Scale models were, 
apparently, in some use at a later date 
but their earlier use is purely specu- 
lative. Yet that some fairly clear and 
complete pre-construction planning 
was involved in major structures at 
least seems certain. . 

Much the same observation as to the 
status of the engineer would also ap- 
ply to the Renaissance. The contribu- 
tion of Leonardo da Vinci to the evo- 
lution of engineering has been greatly 
over-painted. Remarkable genius as 
he was, the conditions under which he 


lived and worked made it practically 
impossible for him to exercise any con- 
structive leadership in professional 
progress. A letter of application for a 
job, written about 1484 to the Duke 
of Milan, reveals very clearly the posi- 
tion of the engineer in Leonardo’s day. 
He was an independent expert who 
sought for himself a precarious attach- 


ment to this or that political boss or: 


military leader who happened, at the 
moment, to be near the top of the 
heap. Leonardo offered his “secrets” 
for hire, he emphasized, in particular, 
his skill in designing and building 
military devices, but he also claimed 
ability as a designer of buildings, as 
an artist and sculptor and “in con- 
ducting water from one place to an- 
other.” He served one leader and, 
upon his eclipse, sought another pa- 
tron, dying in France where he had 
gone in the train of Francis I. 

While the term engineer was com- 
ing into use, it is clear that there was, 
in Leonardo’s day, no sharp distinction 
in the practice of military engineering 
and architecture or civil engineering. 
In fact, military engineers were some- 
times called upon to undertake civil 
works even as late as the period of 
‘Vauban (1633-1706) while men with 
native talent in construction also pro- 
moted and carried out civil undertak- 
ings although such works were, ap- 
parently, regarded as being more 
closely allied to architecture in nature. 

The final split between civil and 
military engineering may be said to 
date from John Smeaton (1724-1792) 
who, about 1750, began to refer to 
himself as a civil engineer in order to 
distinguish his field from that of the 
military worker. The break between 
civil engineering and architecture in 
France, then the leading country in 
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engineering activity, however, was not 
complete until the 19th Century when 
the advent of science in engineering 
led to the parting of the ways, for the 
architect did not adopt this new tech- 
nique but continued to emphasize the 
aesthetic approach in design. 

Finally, it should be noted that it is 
to another military man, Vauban, the 
great military engineer of the period of 
Louis XIV, that we are indebted for 
the first steps toward bringing engi- 
neers together as a group and thus 
securing for them some professional 
standing and official recognition. It 
was Vauban who proposed about 1672 
that the army engineers, who were 
even then, like Leonardo and earlier 
workers, attached in a more or less 
personal capacity as aides and con- 


sultants to the various military leaders, 
should be made a special branch of the 
service. 

Even this very brief review of some 
of the developments of the Middle 
Ages which were not clearly developed 
in Professor Draffin’s study, suffices, 
we believe, to make clear that the 
Middle Ages were not a sterile and 
unimportant era in engineering history. 
They gave our profession its name, 
they gave us a tradition of devotion to 
duty and service, they gave us ingeni- 
ous and remarkable engines of war 
and the medieval castle, and a few 
notable bridges ; they also gave us what 
will probably remain as man’s greatest 
achievement in stone construction, the 
Gothic cathedral, for the age of stone 
masonry has passed. 
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Minneapolis, Minn. 
Palmer. 
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Engineering, University of Minnesota, 
Minneapolis, Minn. J. J. Ryan, H. K. 
Palmer. 


Munro, Witt1aM D., Instructor in Mathe- 
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age,, Michigan College of M. & T., 
Houghton, Mich. F. L. Partlo, W. A. 
Longacre. 

MacnHovina, Paut E., Assistant Professor 
of Engineering Drawing, Ohio State Uni- 
versity, Columbus, Ohio. R. S. Paffen- 
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troit, Mich. C. J. Freund, F. C. Hanson. 

Pearson, JoHN R., Assistant Professor of 
Mechanical Engineering, Robert College, 
Istanbul, Turkey. C. P. Bliss, W. H. 
Jones. : 

ScCHLECHTEN, ALBERT W., Associate Profes- 
sor of Mining and Metallurgical Engi- 
neering, Oregon State College, Corvallis, 
Ore. G. W. Gleeson, A. L. Albert. 

SuLiivaNn, JosepH M., Assistant Employ- 
ment Manager, Detroit Edison Co., De- 
troit,, Mich. C. J. Freund, F. C. Hanson. 

ZeveR, Frep M., Vice Chairman of Board, 
Chrysler Corp., Detroit, Mich. C. J. 
Freund, J. Gerardi. 


191 new members this year. 
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_ College Notes 


Dean S. S. Steinberg of the College 
of Engineering of the University of 
Maryland has returned from his good- 
will tour of Latin America, where he 
made a survey of engineering schools 
in the other American republics on a 
trip sponsored by the Department of 
State. He visited institutions and con- 
ferred with engineers in Colombia, 
Ecuador, Peru, Chile, Argentina, Uru- 
guay, Brazil, Venezuela, Panama, 
Costa Rica, Mexico, and Cuba. 

The other purposes of his trip were 
to establish closer relations between the 
engineering educators of Latin Amer- 
ica and those of the United States, as 
well as between their respective engi- 
neering societies; to arrange for ex- 
change of professors; and to provide 
for a wider interchange of engineering 
and technical literature. 

For this trip Dean Steinberg was 
designated the Official Representative 
of the Society for the Promotion of 
Engineering Education whose member- 
ship includes all engineering colleges 
in the United States and Canada; and 
Official Representative of the Ameri- 


can Society of Mechanical Engineers, 
as well as the American Society of 
Civil Engineers. 

During the course of his trip Dean 
Steinberg was made an Honorary Pro- 
fessor of the University of Ecuador; 
an Honorary Member of the Cultural 
Institute of Ecuador ; and Special Rep- 
resentative to the United States of the 
Union of South American Engineer- 
ing Associations, as well as of the As- 
sociation of Engineers and Architects 
of Mexico. 

William S. LaLonde, Jr., who re- 
cently rejoined the faculty of Newark 
College of Engineering after four 
and a half years service in the Navy, 
has been named chairman of the Civil 
Engineering Department. Professor 
LaLonde held the rank of commander 
in the Naval Reserve at the time of 
his discharge. 

Another recent appointment is that 
of Professor William Hazell, Jr., who 
has been made associate dean and di- 
rector of admissions. He was formerly 
an assistant professor in physics. 


Edison Medal Awarded to Philip Sporn 


The Edison Medal for 1945 has been 
awarded by the American Institute of 
Electrical Engineers to Philip Sporn, 
executive vice-president, American Gas 
& Electric Service Corporation, “For 
his contributions to the art of eco- 


nomical and dependable power genera- 
tion and transmission.” 

The medal was presented to Mr. 
Sporn at the Winter Convention of 
the American Institute of Electrical 
Engineers. 
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Your committee is working on the 
program for the big meeting in St. 
Louis. One of the sessions in conjunc- 
tion with the American Association of 
Physics Teachers will be devoted to a 
consideration of the place of physics 
courses in the curricula of the technical 
institutes which are being sponsored 
by the S.P.E.E. Some of the lead- 
ing engineering administrators of the 
technical institute program will partici- 
pate in the session. The session of the 
two groups of physicists with the Di- 
vision of Engineering Mechanics will 
concentrate on ways and means of 
bringing together the methods of ap- 
proach in presenting the fundamentals 
of mechanics in physics courses and in 
courses in engineering mechanics. It 
is hoped that long needed reforms will 
stem from this session. 

A communication has been received 
through F. L. Partlo, head of the phys- 
ics department that “The Michigan 


Physics Column 


College of Mining and Technology has 
been added to its eight engineering 
degrees a ninth, in Engineering Phys- 
ics, and to its three degrees in science 
a fourth, in Physics. Both changes are 
effective immediately. For the pres- 
ent, the new curricula will be in the 
undergraduate field only. In offering 
work in engineering physics, M. C. 
M. T. joins a relatively small but in- 
creasing number of technical schools.” 

A new revised physics curriculum 
has also been received from J. S. 
Thompson, head of the physics de- 
partment of Illinois Institute of Tech- 
nology. 

Readers of this column are reminded 
that the column can carry news only 
in-so-far as they personally contribute 
it. Kindly address contributions to 
the chairman at the A. & M. College of 
Texas. 

J. G. Porter, 
Chairman 
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Enrollment of Graduate Civilian Engineering Students, as of November 5, 1945—Continued 








































































































he SPUR ED TE TEER ELEM titel ie 

H eTeett € CRREIV RENIN V0 4 ode 

i “SELES aie EB oe ee ee Pe ee 
WEthEE © DULbSIwTI It) t bet 

5 i STereb PUTER CHIT oF 1a ot oe 
: +f glittt @ 1iseemeliia ~ | 1) a ae 
: oP EEETE SO FELECTEIIIA 4 0 0 
: oe i epitir ie ativititeit 3 to 
3 ea ahi @ hier) a) 
s AOR OS} TUES OE Ea ee 
i ap BEtrT eth PSPRIV ERA Bors te 
E eee tira = ie*titiitt 8 1 
MIFeSS b CEELILOTICIT Fo tA 

at "3 SEI a ee 
ag SETTER ST CESS PPS © or 8 ee 

iF SPREE A PRREIA ELBE 1 abo 44 
ii WiCir eh. ROPRERLII VINE 0 tas oad 
Be a peeee eras psi = 1 8 ee 
sferie 2 e1immimeeil tot ots ae 

5 3 eliitt @ wrietititin to toto otoe 
j r git-("" g Bisasaeeris = ~ = s gs 
z eECTTE SS CPR IVE 1 Le Se 
. qi Seri reo TFhehditlt 2 tea 
3 ea@ (olatiit g tliesiiigit tt tt gi 
2 Simi it ft bet tele ls 4 kd ae 
J cai "S ERA R ae ee eee ee ee 
A aa FERRERS SPSereersie - tot * ef 
sferre - strictest | toa ss 

ap S$ WOW ee EN SS a ee ee 
Zena waee Se SSS Tet fe Be 

PoP P RHINE | Eb EG 

i iii ob S@Ziiiiigii: me tcteeee 

: rere fH Re pa44 ds 

: 4 . ap 

rere i 3 fy ass 2 2 8 : Ae 








Enrollment of Graduate Civilian Engineering Students, as of November 5, 1945—Continued 








Enrollment in Wark for the Dactoar’a Decree 


Beenllomant tn Wark fac tha Meantar’e Diacren 





SE ae Pe Pea See ney eres Sos Ae Ser FO Re Ae er Or A BY BR Ee BS ee a = 


Enroliment of Graduate Civilian Engineering Students, as of November 5, 1945—Continued 
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Enrollment in Work for the Doctor’s Degree 
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Enrollment in Work for the Master’s Degree 


M. | W.| V. 





Ve 





Ww. 











M. 











i eo See 
New York Uni................. 





Civilian Lingineering Students, as of November 5, 1945 —-Continued 











Enrollment in Work for the Doctor’s Degree 


Enrollment in Work for the Master’s Degree 























M, | W.| V. | M.| W.] V. 




















Eveni 
Students 




















Enrollment in Work for the Doctor’s Degree 








3 








2 








Part-Time 
Resident 
Students 


Full-Time 
Resident 
Students 
M. | W.| V. | M.] W.] V2) M.] W.] V. 


169 








12 














Masters Degrees 
Conferred in 
1944-45 
M. | W.} V. 
435 | 3 

3 














49 |167 








M, | W.} V. 














35 | 43 | 3431 








% 
: 
$ 
Hy 
5 
7 
N 
j 
: 
g 
> 
; 
| 
i 
i 
q 
: 
8 


M. | W.| V. 
1991 














6 | 24 | 1901 | 35 | 43 | 3534 | 49 |167 | 442 


6 | 24 
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